
Citation: Venkatesan, R.; Sekar, S.;

Raorane, C.J.; Raj, V.; Kim, S.-C.

Hydrophilic Composites of Chitosan

with Almond Gum: Characterization

and Mechanical, and Antimicrobial

Activity for Compostable Food

Packaging. Antibiotics 2022, 11, 1502.

https://doi.org/10.3390/

antibiotics11111502

Academic Editor: Helena Felgueiras

Received: 8 September 2022

Accepted: 24 October 2022

Published: 28 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

antibiotics

Article

Hydrophilic Composites of Chitosan with Almond Gum:
Characterization and Mechanical, and Antimicrobial Activity
for Compostable Food Packaging
Raja Venkatesan 1,*,† , Surya Sekar 2, Chaitany Jayprakash Raorane 1,†, Vinit Raj 1 and Seong-Cheol Kim 1,*

1 School of Chemical Engineering, Yeungnam University, Gyeongsan 38541, Korea
2 Department of Chemistry, College of Engineering Guindy, Anna University,

Chennai 600025, Tamil Nadu, India
* Correspondence: rajavenki101@gmail.com (R.V.); sckim07@ynu.ac.kr (S.-C.K.); Tel.: +82-53-810-2787 (S.-C.K.)
† These authors contributed equally to this work.

Abstract: To enhance the characteristics of the biocomposite film, solution cast was used to incor-
porate almond gum at different concentrations (10.0, 30.0, and 50.0%). The functional groups and
morphology were determined using FTIR and SEM. The thermal property of chitosan and its com-
posites materials were determined via TGA. In this study, the incorporation of almond gum into the
chitosan matrix resulted in good mechanical strength, film thickness, and low barrier and solubility
characteristics. Water vapor transmission rate (WVTR) and oxygen transmission rate (OTR) of the
composites films was also investigated. The WVTR and OTR values for the chitosan/almond gum
(CSA) composite film values are 11.6 ± 1.62 (g/m2/day) and 32.9 ± 1.95 (cc/m2/24 h), respectively.
The obtained composites show significantly improved antimicrobial activity against Gram-negative
(E. coli) and Gram-positive (S. aureus) food-borne pathogenic bacteria. The results suggest that the
CSA composites may serve as a promising candidate for antimicrobial food packaging materials.
After an observation of the test results, it is inferred that the CSA composites bear good mechanical
and antimicrobial activity and also show enhanced morphological characteristics.

Keywords: chitosan; almond gum; mechanical strength; micro-structure; antimicrobial activities

1. Introduction

Packaging is an important factor in the food industry and is dominated by petroleum-
derived polymers. However, an abundance of research is now being conducted on the
development and evaluation of biodegradable materials, mainly due to concerns over
potential damage posed by synthetic packaging materials. Several biopolymers have been
exploited to develop eco-friendly food packaging materials [1–5]. A significant proportion
of research on these films has been performed using biopolymers from renewable sources,
i.e., products or by-products derived from agriculture or from agro industries [6]. In a
majority of cases, the biopolymer-based material shows less mechanical strength and is
highly dependent on the environment [7]. As a result, several researchers have developed
films based on blends of biopolymers and synthetic polymers. Several studies have been
conducted in the preparation of bio-based polymers using hybrid materials [8–10].

Chitosan (CS) is a polysaccharide compound comprising an arbitrarily dispersed
b-(1-4) conjugated D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acety-
lated unit). It is an outstanding biopolymer owing to its nontoxicity, biodegradability,
biocompatibility, and bioactivity, giving it good film-forming characteristics. However,
its mechanical and barrier properties are not suitable for food packaging applications,
although it can be mixed with nanoparticles or other polymers to improve its properties.
Overall, its biocompatibility, biodegradability, toxicity, and other unique characteristics
such as film efficiency, absorption, and antimicrobial activity make it a highly promising
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alternative to traditional packaging [11]. Chitosan can be readily modified chemically
and physically to produce immune activation owing to an abundance of active functional
groups on its molecular chain. Additionally, chitosan can be used in the promotion of
wound healing [12], and bears antimicrobial and antifungal properties [13]. The flexibility
and adaptability of chitosan provide a unique opportunity for the development of new
antibacterial therapies and prevention of infectious diseases. For example, the adhesiveness
of chitosan can be used for noninvasive mucosal vaccine vectors [14]. When chitosan is
combined with wound dressings such as hydrogels, it can offer antimicrobial effects while
promoting wound healing [15–17].

Natural gums have demonstrated the ability to inhibit a broad range of substances
at low cost and low concentrations. A number of studies have been conducted that
elaborate on the remarkable inhibition efficiency shown by natural gums in preventing
corrosion of metal surfaces in aggressive environments, as previously mentioned in the
background of the study. The long complicated polymeric structure of natural gums, which
has various conjugately held pi electrons, as well as the large abundance of polysaccharides,
oligosaccharides, and glycoproteins, which bear many electronegative functional groups,
are responsible for the impressive inhibitory activity on metal surfaces (OH, COOH, NH2,
etc.). The fruits, branches, and trunk of Prunus dulcis trees all produce a profuse gum
termed almond gum. Arabinose (46.83%), galactose (35.49%), and uronic acid (5.97%)
are the three main polysaccharides that comprise the majority of almond gum’s 92.36%
constitution. There is only a small amount of protein (2.45%) [18]. The almond tree can
produce almond gum, a natural adhesive with few jelly-like properties which acts as a
cooler, while also providing a great texture and flavor to beverages.

Almond gum is a water-soluble polysaccharide and its biocompatible characteristics
are a result of its favorable hydrophilic and hydrogen bond characteristics. It has a number
of advantageous applications, including food reinforcing, preservative, emulsifier, stabi-
lizer, and is a source of dietary fiber. Moreover, it could be used as a component to increase
a material’s physical and structural characteristics, such as hydration, oil-holding capacity,
viscosity, texture, sensory properties, and shelf life [19]. Several types of edible material
produced from almond gum, or mixtures of these bioplastics have recently been produced
as a result of earlier studies. The lack of toxicity and excellent stiffness characteristics make
it ideal for application in the industries of medicine, cosmetics, and food packaging [20].
In addition, almond gum is found to exhibit surface, interfacial and emulsification activi-
ties [21]. Although chitosan and other polymers have been utilized in multiple studies for
food packaging applications, these two combinations are not described in any of them.

In recent years, the advancement of chitosan/almond gum composite’s industrial
purpose has rapidly grown. It was determined that chitosan is a combination of all three,
nontoxic, biodegradable, and has antimicrobial properties. It has many uses, mainly in
the agricultural, food, and pharmaceutical industries. In this study, the fabrication and
characteristics of CSA composites prepared using a solution casting are discussed. These
properties are morphological, mechanical, barrier, thermal, and antimicrobial in nature.
The aim is to investigate how loading almond gum affects the dissimilar physiochemical
characterization of chitosan. The fabricated biocomposites demonstrate enhanced thermal,
mechanical, and antimicrobial activities. Thus, it represents an ideal material for active
food packaging applications.

2. Results and Discussion
2.1. FTIR Analysis

The almond gum was subjected to FTIR analysis in order to determine it by seeking
for functional groups in it (Figure 1a). The strong peak seen at 3429 cm−1 is a characteristic
peak of O-H stretching vibrations. The asymmetric -CH2- functional groups correspond to
the peak at 2920 cm−1. The distinctive peak at 1735 cm−1 is attributable to the carbonyl
group’s stretching vibrations. The peak observed at 1015 cm−1 is because of bending of
arabinosyl chains. These functional groups’ existence indicates the almond gum includes
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the prior stated compounds [22,23]. The FTIR spectra reveal interactions in the composites
between carbonyl group (-C=O) of chitosan and the C-H stretching modes of almond gum.
The peaks at 3393 and 2924 cm−1 in Figure 1b indicates the chitosan O-H stretching and
C-H vibration, respectively. In accordance with the C-C stretching vibrations and C-O
stretching modes, the peak at 1553 and 1415 cm−1 is placed. Stretching from C=O reaches
1640 cm−1. The 1430 cm−1 peak represent CH2 bending vibrations. In Figure 1b, the
peaks at 530 cm−1 indicates the presence of almond gum stretching mode and all other
peaks are due to the presence of soluble chitosan. The spectra of the chitosan/almond
gum composites clearly show characteristic peaks corresponding to individual groups of
chitosan. That is, the FTIR spectra of the CS composites show no change or shift in the
characteristic peaks of pure chitosan with the addition of almond gum.
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Figure 1. FTIR spectra of (a) almond gum; (b) chitosan, CSA-10.0, CSA-30.0, and CSA-50.0 composites.

2.2. SEM Analysis of Chitosan and Its Composites

The SEM micrographs and cross-section images of chitosan, almond gum and CSA
composites are shown in Figure 2. The surface topology of CSA film compared to chitosan
is observed and found that, these films observed that they do not show many changes in
their microstructure which means their physical properties do not affect the concentration
of almond gum on the film. Figure 2a shows that the microstructure of the neat CS film
surface was smooth and uniform of CS. Meanwhile, the addition of 30 wt. % of almond
gum to the CS film (Figure 2b) reduced the size of granules and improved the surface
structure. As can be seen from Figure 2b, the film with 30 wt. % chitosan indicated uniform
and smooth structure, and a few almond gum particles also appear on the film surface.
However, when the amount of almond gum was increased to 50 wt. %, the almond gum
was effusively blended with the CS. The surface structure from Figure 2c was smoother
than Figure 2b, but more almond gum appeared on the surface of the film compared to that
with 30 wt. % of almond gum. Since no shift is observed as a result of chitosan and almond
gum interaction in composite materials, the existence of almond gum in the composite
films displays outstanding reinforcing dispersion, without noticeable voids. This might be
due to the even distribution of almond gum in the chitosan as well as good compatibility
of the matrix.

2.3. TGA Analysis

The TGA curves of chitosan, chitosan/almond gum composites are shown in Figure 3.
The weight loss at 50–160 ◦C is due to the moisture vaporization and the initial weight loss
at 220–380 ◦C is due to the degradation of chitosan. Three weight losses were observed
in the composites of chitosan and almond gum. The degradation of almond gum is the
main reason of the 410 ◦C. The initial degradation of the CSA-10.0, CSA-30.0, and CSA-50.0
was further increased by the addition of 10.0, 30.0, and 50.0 wt. % of almond gum at 248,
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295, and 380 ◦C, respectively. Chitosan/almond gum composite films were more stable
thermally as pure chitosan, as shown by thermal stability changes in the film that were
found as a result of the addition of almond gum in chitosan. After the incorporation of
almond gums, the degradation curve shifted to higher temperatures; a higher almond gum
loading led to a higher decomposition temperature. Additional residues were detected in
the composites due to the good thermal stability of the almond gums.
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Figure 2. SEM micrographs of the (a) chitosan, (b,c) chitosan/almond gum extract composites; (d–f)
the cross-section images of test samples. The chitosan and almond gum components are shown as
green color arrows on the CSA composite film surface. The SEM cross-section images of the CSA
films and chitosan film are represented by the blue-hued arrows.
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2.4. Mechanical Test of Chitosan and Chitosan/Almond Gum Composites

Figure 4a shows the stress vs. strain curves of chitosan and chitosan/almond gum
composites. The effect of filler loading on the tensile strength, and elongation at break of
almond gum-filled chitosan composites is presented in Table 1. The tensile strength of
chitosan/almond gum film increased significantly from 15.56 to 22.83 MPa and so did the
elongation at break, indicating a substantial drop from 424.5% to 334.7% with the addition
of almond gum concentration from 10.0 wt. % to 50.0 wt. %. The significant increasement
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of 46.7% in tensile strength could be explained by the increase in chitosan as the almond
gum concentration increased. When compared to the CS film, the chitosan/almond gum
composite demonstrates improved tensile strength. This could be due to the interfacial
bonding formed by the chitosan and almond gum. Figure 4b shows that the break of
elongation for materials reinforced with chitosan and almond gum decreased from 424.5 to
334.7%. These results revealed that a 50.0 wt. % almond gum solution was too concentrated
to produce a uniform and smooth film. The elongation at break reduced, which could be
described by the concentration effect, in which the bonding between chitosan molecules
increased as the almond gum concentration was increased to the maximum owing to
the decomposition into the monomer units. The improvement in mechanical strength of
chitosan/almond gum composites was probably due to the dispersion of almond gum in
chitosan matrix.
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Table 1. Mechanical strength of chitosan and CSA composites.

Samples
Mechanical Strength

Tensile Strength (MPa) Elongation at Break (%)

CSA-0.0 11.33 ± 1.06 b 424.52 ± 1.85 a

CSA-10.0 13.33 ± 2.08 a 387.41 ± 2.22 c

CSA-30.0 15.68 ± 1.87 c 369.15 ± 2.90 c

CSA-50.0 17.51 ± 0.75 b 334.70 ± 0.60 b

a–c: Different letters within the same column indicate significant differences among film samples (p < 0.05).

2.5. Film Thickness of Composite Film

Thickness of the different types of chitosan and its composite film values are shown
in the Figure 5. Thickness of the films varied in the ranges between 0.35–0.83 mm. Pure
chitosan film shows 23% of thickness while the almond gum reinforced chitosan/almond
gum composites show 47% of thickness, this is due to the presence of almond gum which
is producing a reaction in chitosan by departing the molecular chain and increasing the
network, so this would probably lead to increase the thickness of the film. Standardization
in thickness also plays an energetic role in film excellence. In addition, it might also
influence the mechanical and barrier property.
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2.6. Film Transparency

The visual monitoring of the product’s excellence throughout preservation and aes-
thetic appeal to customers depends on the transparency of food packaging films. Figure 6
shows the transparency values of chitosan and chitosan/almond gum composites. The
opacity value of chitosan is 15.8 A/mm. After the loading of 50.0 wt. % of almond gum,
the opacity value increases to 29.5 A/mm. The maximum transparent of the four compos-
ites was CSA-50.0, which was also the opaquest. The aggregation of almond gum in the
polymer affects the light scattering property and hence by adding the almond gum, the
opacity level of the film was increased. Similar results in the transparency value for the
chitosan composites were reported by Sanuja et al. [24]. Even if the values were decreased,
the CSA film’s characteristic transparency suggests that adding almond gum could not
have a significant effect on its appearance when used for packaging applications.
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2.7. Swelling Property of Composites

The swelling property of many types of chitosan/almond gum composites are pre-
sented in Figure 7. The swelling property of the pure chitosan is determined initially, and
then the swelling property of chitosan/almond gum composites is obtained and compared
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with the chitosan film. When the almond gum concentration is added to the chitosan film,
the water absorbing tendency of the film decreases. It was observed that chitosan/almond
gum composites show low swelling property (73.79%) when compared to chitosan film
(52.67%). This is because the almond gum increases hydrophobicity of the film surface and
reduces the water absorption of the chitosan matrix.
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2.8. Water Solubility Test

Chitosan/almond gum composites solubility percentage in water is shown in Figure 8.
This reveals the films solubility character toward the water in which the chitosan film
shows higher (75.3%) affinity and better dissolves in water when compared to the chi-
tosan/almond gum composites, since chitosan is hydrophilic in nature it absorbs water
quickly and results in swelling. Incorporation of almond gum into the chitosan films shows
considerably decreased solubility due to the presence of monosaccharides, (35.16%) in
water this phenomenon is due to the effect of extreme hydrophobic nature of almond gum
present in the surface of chitosan and thus the fabricated composite film shows low affinity
toward water.
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2.9. Barrier Property

The oxygen transmission rate is one of the most important properties of a packaging
material. The OTR of chitosan/almond gum composites was determined, and the results
are given in the Table 1. The value of OTR ranges from 90.6 to 32.9 cc/m2/24 h because
almond gum provides both oligosaccharides and polysaccharides. The reinforcement
of almond gum extract into the chitosan matrix improved the barrier properties of the
composite films. The diffusion through the polymers happens due to the combination of
two phenomena;

• Loading of filler decreases the area available for diffusion of gases.
• Increase in the distance that gaseous molecules must travel to cross the films.

It is believed that the lesser O2 permeability of composites containing (10.0, 30.0 and
50.0 wt. %) almond gum is attributed to well dispersion of the almond gum, which provides
higher tortuosity of the diffusion path of oxygen molecules [25]. The measured WVTR
values for the chitosan and its composites are listed in Table 2. The WVTR of the chitosan
was significantly reduced by the incorporation of almond gum in the chitosan matrix. The
WVTR values for chitosan, CSA-10, CSA-30 and CSA-50 were determined to be 22.1, 19.5,
15.9, and 11.6 g/m2/day, respectively. WVTR decreased with increase in concentration of
almond gum in chitosan. The WVTR of chitosan/almond gum composites range from 22.1
to 11.6 g/m2/day, whereas the pure chitosan WVTR value is 22.1 g/m2/day. The decreases
in permeability of composites are due to the presence of uniform dispersion of almond
gum with increased percentages in the polymer matrix.

Table 2. OTR and WVTR properties of chitosan and chitosan/almond gum composites.

Samples
Barrier Properties

OTR (cc/m2/24 h) WVTR (g/m2/day)

CSA-0.0 90.6 ± 2.05 b 22.1 ± 0.71 a

CSA-10.0 74.0 ± 0.98 a 19.5 ± 1.22 c

CSA-30.0 52.5 ± 0.61 c 15.9 ± 0.99 c

CSA-50.0 32.9 ± 1.95 b 11.6 ± 1.62 b

a–c: Different letters within the same column indicate significantt differences among film samples (p < 0.05).

2.10. Antimicrobial Activity

Natural polymer-based composites have been studied recently as a polymeric ma-
trix for incorporating antimicrobial agents [26]. The essential feature of food packaging
materials is antimicrobial activity. S. aureus and E. coli were utilized as a test group for
the antimicrobial activity of chitosan and chitosan/almond gum (CSA) composites us-
ing the zone of inhibition. The result values are listed in Table 3. There is no inhibitory
zone against S. aureus and E. coli on the pure chitosan (CSA-0.0). Figure 9 exhibits the
antimicrobial zones’ diameters in the CSA composites. The (CSA-50.0) composites showed
strong antibacterial activity against S. aureus and E. coli, suggesting that almond gum
could increase antimicrobial activity. The slightly reduced antimicrobial zone diameters
for S. aureus comparison to those for E. coli. S. aureus give additional confirmation that
the composites effects are real and significant against S. aureus bacteria. This was tested
in order to evaluate that chitosan used to have a zone of inhibition activity in the CSA
composite, and the results were in accordance with all earlier reports [27,28]. The zones of
inhibition diameter of CSA composites are 20.0, 20.8, 22.1, and 27.4 mm against S. aureus
and 20.0, 21.8, 24.5, and 29.7 mm against E. coli with loadings 0.0, 10.0, 3.0, and 50.0 wt. %
almond gum, respectively. According to studies, the chitosan biodegradable polymer has
strong antimicrobial activities against Gram-positive and Gram-negative microorganisms.
Chitosan-based biodegradable plastics with some constituents have a maximal contribution
and effective antimicrobial activity. So, this film can be used in food packaging applications
to protect against the perishable products [29].
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Table 3. Antimicrobial activity of chitosan and its composites against S. aureus and E. coli.

Samples
Antimicrobial Activity (Zone of Inhabitation in mm)

S. aureus E. coli

CSA-0.0 20.0 ± 2.56 a 20.0 ± 2.61 a

CSA-10.0 20.8 ± 3.08 a 21.8 ± 4.65 c

CSA-30.0 22.1 ± 1.85 c 24.5 ± 2.48 b

CSA-50.0 27.4 ± 3.94 b 29.7 ± 3.02 b

Results are quoted as the mean ± standard deviation of three replicates. a–c: Different letters within the same
column indicate significant differences among film samples (p < 0.05).
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3. Materials and Methods
3.1. Chemicals and Materials

The crab shells were purchased from import and export companies (Chennai, India),
and the almond gum was collected from Chennai, India. All the standards and chemi-
cals used for the analysis were of analytical grade, whereas HPLC grade chemicals and
standards were used in High-Performance Liquid Chromatography. Sodium hydroxide,
hydrochloric acid, acetic acid (99%), and glycerol were purchased from Sigma Aldrich,
India. All other chemicals and reagents obtained without further purification were used.

3.2. Collection and Purification of Almond Gum

As per Bhushette et al. [30], ethephon was packaged and injected in Prunus dulcis plants
to lead to stress. Almond gum was purified to use the technique by Malsawmtluangi et al. [31]
with the modification that ethanol instead of propanol was used for the precipitation. The
non-soluble material was separated by centrifuging at 5000 rpm for 15 min after raw gum
had been dissolved in water. After adding three volumes of ethanol to the precipitate, the
precipitation was subjected to precipitated, centrifugation, and dried at 45 ◦C for 24 h to
make dried gum. Following the addition of an enzyme, the gum’s color was observed to
darken during the drying process. To resolve this issue, boiled ethanol was used on the raw
gum prior purification in attempt to inactivate the enzyme. Before to use, purified almond
gum was stored in an airtight container at a room temperature.

3.3. Synthesis of Chitosan Polymer

The chitosan was prepared by using method briefly mentioned in the literature [24].
In total, 250 g of crab shells were used, after being fully cleaned with water to eliminate all
impurities, and then oven-dried at 110 ◦C. The shells were crushed to powder and been for
30 min at 60–70 ◦C with constant stirring while receiving an addition of 2% NaOH. Distilled
water was used as a filter, and the process was repeated till the solution was colorless and
clear. A 10 mL volume of HCl was added to the mixture as a confirmation. A total of 50 g
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of chitin was obtained after the product was dried at 60 ◦C overnight; this procedure is
also known as demineralization. The repeat units of β-(1-4)-2-amino-2-deoxy-β-D-glucose
are noticed in the acetamide group found in chitin and chitosan, a derivative of chitin
(Figure 10). The functionality is commonly given by deacetylating chitin in basic media,
which leads to the hydrolysis of the acetamide group to yield chitosan and acetic acid. The
degree of deacetylation can be used as measurement unit for this mechanism. The extensive
primary amine groups found in chitosan have been associated to all these properties.
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3.4. Preparation of Chitosan/Almond Gum Extract Composites

The solution mixing and drop-casting method is used to produce the chitosan/almond
gum composites [32,33]. The synthesized chitosan was pre-dried in oven at 60 ◦C for 4 h.
The predicted amounts of almond gum (10.0, 30.0, and 50.0 wt. %) was then added to
the 1% acetic acid solution in hot water, followed by magnetic stirring for 5 h at 50 ◦C. In
order to fabricate chitosan/almond gum (CSA) composites, the stirring solution was cast
onto a glass plate after 12 h followed by sonication for 30 min. After allowing the solvent
evaporation and drying the composites for 48 h at 40 ◦C in an air oven, the chitosan/almond
gum film were performed and the results. Table 4 indicates the composition percentages
for the casting processes. The obtained samples were cut into 2.5 × 10.0 cm−1 pieces for
tensile test.

Table 4. The formation ratio of chitosan and almond gum composites.

Chitosan/Almond Gum Composites (wt. %) Samples Name

100.0–0.0 CSA-0.0
90.0–10.0 CSA-10.0
70.0–30.0 CSA-30.0
50.0–50.0 CSA-50.0

3.5. Characterization

FTIR measurements were performed using a (Perkin Elmer spectrum RX1) instrument.
The prepared chitosan, chitosan/almond gum extract composite films were subjected for
scanning. Spectra were collected in the range of 4000–400 cm−1. Spectra were integrated
by taking the area under the curve between the limits of the peaks of interest. SEM analysis
was performed with a (JEOL, JSPM-100) electron microscope. Film samples were mounted
on bronze stubs using a double-sided tape and then coated with a layer of gold (40–50 nm),
allowing surface and cross-section visualization. All samples were examined using an
accelerating voltage of 5 kV. Thermogravimetric analysis (TGA; TG-2009, Netzsch) was
used to study thermal stability of chitosan, chitosan/almond gum extract composite films.
The heating rate was 10 ◦C/min in N2 with the flow rate of 20 mL/min. The composite
film samples were cut into strips that were 100 mm in length by 25 mm in width and fit
to the tensile grips. The initial grip separation was set at 50 mm and the crosshead speed
was set at 10 mm/min. The film specimens were mounted in the film extension grips of
the testing machine and stretched at a rate of 50 mm/min until breaking. Tensile strength
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was expressed in MPa and was calculated by dividing the maximum load (N) by the initial
cross-sectional area (m2) of the specimen. Thickness of the films was determined by the
digital thickness measuring gauge to the nearest 0.001 mm. Presented values were taken
for an average of at least five random locations of the films. The means were calculated
and used in the determination of mechanical and physical properties of the films [30].
Transparencies of the composites were measured using UV spectrophotometer (Perkin
Elmer, Lambda 35) by measuring the absorbance at particular wavelength of the different
films. The films were cut into square pieces and inserted into the spectrophotometer test
cell. An empty test cell was taken as the reference. The transparency of the films was
calculated according to the formula.

Transparency = log (T wavelength range) X−1 (1)

where T wavelength range, is the transmittance at different wavelength of three many
films and X is the thickness of the film (mm). According to this equation, when T has
high values, it indicates lower transparency and higher degree of opacity [34,35]. Water
content of the composite film was determined by measuring Weight gain of films, upon
immersing the sample film in distilled water which is kept in Petri dish and allowed to
remain there for 1 min then the wet weight is measured. The percent swelling ratio (%) of
the CSA composites was calculated by the following equation [36].

Swelling (%) = (Wet weight − Dry weight)/Dry weight × 100 (2)

The solubility of the CSA composite films (1 × 1 cm) was measured by immersing the
pieces into 100 mL of distilled water and made to agitate in a mechanical shaker for 1 h at
room temperature. Then the remaining samples were filtered and dried at 110 ◦C for few
hours and it was weighed as final dry weight. The initial dry weight was measured before
immersing it in water by drying at 110 ◦C [37]. Thus, the initial and final dry weight of the
sample is obtained. By using the formulae, water solubility % is evaluated.

Solubility (%) = (Initial dry weight − Final Dry weight)/Initial dry weight (3)

The Oxygen transmission rate of the CS and its composites were measured by oxygen
permeability tester (Noselabats, Italia) at 25 ◦C by using the standard of ASTM D-3985. The
measurements were taken at three times at different places of the film and the average value
was calculated. All specimens were conditioned at ambient conditions. A water vapor
permeability analyzer (Mocon Permatran) was used to investigate the effect of composites
on water vapor permeability of chitosan, and chitosan/almond gum extract composites.
All the water vapor permeability tests were conducted at room temperature according
to ASTM F-1249 standard methods. The test film was placed between two test cells. As
the water vapor diffused through the test film, and it was carried by N2 to the detector in
the upper chamber. N2 flow rate was set to 100 cm3 per minute. The data was recorded
as water vapor transmission rate. The antimicrobial activities of the chitosan composites
against E. coli and S. aureus were evaluated by using a zone of bacterial inhibition method
(agar diffusion test) [38]. E. coli and S. aureus were activated by a constant temperature
and humidity shaking incubator at 37 ◦C for 24 h. The cut circular samples (20 mm) were
placed in a Petri dish and coated with 50 mL of the E. coli or S. aureus containing liquids.
The plates were then incubated at 37 ◦C for 24 h, and the diameter of the inhibition zone
was observed.

3.6. Statistical Analysis

To determine the statistical significance of each result, ANOVA in SPSS 21 was used
(IBM, New York, NY, USA). The data are given as the mean ± standard deviation. Statistical
differences were analyzed using a one-way analysis of variance, and a value of p < 0.05
was determined to be statistically significant.
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4. Conclusions

Chitosan and almond gum extract can be used to produce a composite film with desir-
able packaging characteristics. The CSA composite materials were successfully prepared
by solution cast method. In chitosan, the concentration of almond gum extract varied
from 10.0 to 50.0 wt. %. FTIR spectra demonstrated good interaction among the materials.
Almond gum extract is dispersed uniformly in the chitosan matrix, according to the surface
morphology owing to compatibility between the chitosan and almond gum extract. The
addition of almond gum was found to increase the thermal stability of chitosan compos-
ites, which were directly influenced by almond gum dispersion and concentration. The
tensile strength of the composite film was enhanced to 17.5 MPa by incorporating 50.0 wt.%
almond gum into chitosan matrixes as compared to the tensile value of (11.3 MPa) pure
chitosan. The most important packaging characteristic is opacity as it directly influences
the product’s success regarding consumer appeal. It is a measure of the amount light
prohibited from traveling through the packaging material, and high opacity represents a
high level of optical characteristics [39,40]. The film solubility values showed that it has
good solubility and low porosity. The swelling ratio of the films demonstrated its good
water-uptake ability. Almond gum was discovered to improve tensile strength and film
thickness when combined with chitosan, but had an opposite result on the film’s water
solubility and barrier properties (OTR and WVTR). However, the antimicrobial activity
associated with the addition of chitosan to the almond gum film shows excellent activ-
ity. These novel green composite films could find potential applications in transparent
biodegradable food packaging.

Author Contributions: Conceptualization, R.V. and S.S.; methodology, R.V.; software, V.R.; validation,
V.R. and C.J.R.; formal analysis, R.V.; investigation, R.V.; resources, V.R.; data curation, S.S.; writing—
original draft preparation, R.V.; writing—review and editing, C.J.R.; visualization, S.S.; supervision,
S.-C.K.; project administration, S.-C.K.; funding acquisition, S.-C.K. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (2020R1I1A3052258). In
addition, the work was also supported by the Technology Development Program (S3060516) funded
by the Ministry of SMEs and Startups (MSS, Republic of Korea) in 2021.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sunthar, T.P.M.; Boschetto, F.; Doan, N.H.; Honma, T.; Kinashi, K.; Adachi, T.; Marin, E.; Zhu, W.; Pezzotti, G. Antibacterial

Property of Cellulose Acetate Composite Materials Reinforced with Aluminum Nitride. Antibiotics 2021, 10, 1292. [CrossRef]
[PubMed]

2. Catalano, A.; Iacopetta, D.; Rosato, A.; Salvagno, L.; Ceramella, J.; Longo, F.; Sinicropi, M.S.; Franchini, C. Searching for Small
Molecules as Antibacterials: Non-Cytotoxic Diarylureas Analogues of Triclocarban. Antibiotics 2021, 10, 204. [CrossRef] [PubMed]

3. Nair, A.; Mallya, R.; Suvarna, V.; Khan, T.A.; Momin, M.; Omri, A. Nanoparticles—Attractive Carriers of Antimicrobial Essential
Oils. Antibiotics 2022, 11, 108. [CrossRef] [PubMed]

4. Suvarna, V.; Nair, A.; Mallya, R.; Khan, T.; Omri, A. Antimicrobial Nanomaterials for Food Packaging. Antibiotics 2022, 11, 729.
[CrossRef]

5. Rhim, J.W.; Ng, P.K. Natural biopolymer-based nanocomposite films for packaging applications. Crit. Rev. Food Sci. Nutr. 2007,
47, 411–433. [CrossRef]

6. Tripathi, S.; Mehrotra, G.K.; Dutta, P.K. Physicochemical and bioactivity of crosslinked chitosan-PVA film for food packaging
applications. Int. J. Biol. Macromol. 2009, 45, 372–376. [CrossRef]

7. Venkatesan, R.; Rajeswari, N.; Tamilselvi, A. Antimicrobial, mechanical, barrier and thermal properties of bio-based poly (butylene
adipate-co-terephthalate) (PBAT)/Ag2O nanocomposite films for packaging application. Polym. Adv. Technol. 2018, 29, 61–68.
[CrossRef]

http://doi.org/10.3390/antibiotics10111292
http://www.ncbi.nlm.nih.gov/pubmed/34827230
http://doi.org/10.3390/antibiotics10020204
http://www.ncbi.nlm.nih.gov/pubmed/33669633
http://doi.org/10.3390/antibiotics11010108
http://www.ncbi.nlm.nih.gov/pubmed/35052985
http://doi.org/10.3390/antibiotics11060729
http://doi.org/10.1080/10408390600846366
http://doi.org/10.1016/j.ijbiomac.2009.07.006
http://doi.org/10.1002/pat.4089


Antibiotics 2022, 11, 1502 13 of 14

8. Tighzert, V.L. Biodegradable polymers. Materials 2009, 2, 307–344.
9. Ciannamea, E.M.; Castillo, L.A.; Barbosa, S.E.; De, M.G. Angelis, Barrier properties and mechanical strength of bio-renewable,

heat-sealable films based on gelatine, glycerol and soya bean oil for sustainable food packaging. React. Funct. Polym. 2018, 125,
29–36. [CrossRef]

10. Venkatesan, R.; Rajeswari, N. ZnO/PBAT nanocomposite films: Investigation on the mechanical and biological activity for
antimicrobial food packaging. Polym. Adv. Technol. 2017, 28, 20–27. [CrossRef]

11. Yeng, C.M.; Husseinsyah, S.; Ting, S.S. Modified corn cob filled chitosan biocomposite films. Polym. Plast. Technol. Eng. 2013, 52,
1496–1502. [CrossRef]

12. Curcio, M.; Puoci, F.; Iemma, F.; Parisi, O.I.; Cirillo, G.; Spizzirri, U.G.; Picci, N. Covalent insertion of antioxidant molecules on
chitosan by a free radical grafting procedure. J. Agric. Food Chem. 2009, 57, 5933–5938. [CrossRef] [PubMed]

13. Darder, M.; Colilla, M.; Ruiz-Hitzky, E. Biopolymer-clay nanocomposites based on chitosan intercalated in montmorillonite.
Chem. Mater. 2003, 15, 3774–3780. [CrossRef]

14. Du, W.X.; Olsen, C.W.; Avena-Bustillos, R.J.; McHugh, T.H.; Levin, C.E.; Friedman, M. Storage stability and antibacterial activity
against Escherichia coli O157:H7 of carvacrol in edible apple films made by two different casting methods. J. Agric. Food Chem.
2008, 56, 3082–3088. [CrossRef]

15. Burrows, F.; Clifford, L.; Michael, A.; Oghenekome, O. Extraction and evaluation of chitosan from crab exoskeleton as a seed
fungicide and plant growth enhancer. Am. Eur. J. Agric. Environ. Sci. 2007, 2, 103–111.

16. Ghanem, A.; Skonberg, D. Effect of preparation method on the capture and release of biologically active molecules in chitosan gel
beads. J. Appl. Polym. Sci. 2002, 84, 405–413. [CrossRef]

17. Wang, J.; Feng, L.; Feng, Y.; Yan, A.; Ma, X. Preparation and properties of organic rectorite/epoxy resin nano-composites. Polym.
Plast. Technol. Eng. 2012, 51, 1583–1588. [CrossRef]

18. Mahfoudhi, N.; Hamdi, S. Use of almond gum and gum arabic as novel edible coating to delay postharvest ripening and to
maintain sweet cherry (Prunus avium) quality during storage. J. Food Process. Preserv. 2015, 39, 1499–1508. [CrossRef]

19. Rezaei, A.; Nasirpour, A.; Tavanai, H. Fractionation and some physicochemical properties of almond gum (Amygdalus communis L.)
exudates. Food Hydrocolloids 2016, 60, 461–469. [CrossRef]

20. Srivastava, M.; Kapoor, V.P. Seed galactomannans: An overview. Chem. Biodiv. 2005, 2, 295–317. [CrossRef]
21. Farooq, U.; Sharma, P.K.; Malviya, R. Extraction and characterization of almond (Prunus sulcis) gum as pharmaceutical excipient.

Am. Eur. J. Agric. Environ. Sci. 2014, 14, 269–274.
22. Russo, G.M.; Simon, G.P.; Incarnato, L.C. Correlation between rheological, mechanical, and barrier properties in new copolyamide-

based nanocomposite films. Macromolecules 2006, 39, 3855–3864. [CrossRef]
23. Indumathi, M.P.; Sarojini, K.S.; Rajarajeswari, G.R. Antimicrobial and biodegradable chitosan/cellulose acetate phthalate/ZnO

nano composite films with optimal oxygen permeability and hydrophobicity for extending the shelf life of black grape fruits. Int.
J. Biol. Macromol. 2019, 132, 1112–1120. [CrossRef] [PubMed]

24. Sanuja, S.; Agalya, A.; Umapathy, M.J. Synthesis and characterisation of zinc oxide neem oil-chitosan bionanocomposite for food
packaging applications. Int. J. Biol. Macromol. 2015, 74, 76–84. [CrossRef] [PubMed]

25. Pristijon, T.R.; Golding, J.B.; Stathopoulos, C.E. Lagerstroemia speciosa fruit mediated synthesis of silver nanoparticles and its
application as filler in agar-based nanocomposite films for antimicrobial food packaging. Food Packag. Shelf Life 2017, 14, 99–106.

26. Wu, Q.; Zhang, L. Structure and properties of casting films blended with starch and waterborne polyurethane. J. Appl. Polym. Sci.
2001, 79, 2006–2013. [CrossRef]

27. Van Der Watt, E.; Pretorius, J.C. Purification and identification of active antibacterial components in Carpobrotus edulis L. J.
Ethnopharmacol. 2001, 76, 87–91. [CrossRef]

28. Gonelimali, F.D.; Lin, J.; Miao, W.; Xuan, J.; Charles, F.; Chen, M.; Hatab, S.R. Antimicrobial properties and mechanism of action
of some plant extracts against food pathogens and spoilage microorganisms. Front. Microbiol. 2018, 9, 1639. [CrossRef]

29. Krkic, N.; Lazic, V.; Gvozdenovic, J. Chitosan biofilm properties as affected by the addition of oregano essential oil. J. Process.
Energy Agric. 2011, 15, 165–168.

30. Bhushette, P.R.; Annapure, U.S. Comparative study of Acacia nilotica exudate gum and acacia gum. Int. J. Biol. Macromol. 2017,
102, 266–271. [CrossRef]

31. Malsawmtluangi, C.; Thanzami, K.; Lalhlenmawia, H.; Selvan, V.; Palanisamy, S.; Kandasamy, R.; Pachuau, L. Physicochemical
characteristics and antioxidant activity of Prunus cerasoides D. Don gum exudates. Int. J. Biol. Macromol. 2014, 69, 192–199.
[CrossRef] [PubMed]

32. Gokkurt, T.; Findık, F.; Unal, H.; Mimaroglu, A. Extension in shelf life of fresh food using nanomaterials food packages. Polym.
Plast. Technol. 2012, 51, 701–706. [CrossRef]

33. Venkatesan, R.; Rajeswari, N. TiO2 nanoparticles/poly (butylene adipate-coterephthalate) bionanocomposite films for packaging
applications. Polym. Adv. Technol. 2017, 28, 1699–1706. [CrossRef]

34. Venkatesan, R.; Rajeswari, N.; Thiyagu, T.T. Preparation, characterization and mechanical properties of k-Carrageenan/SiO2
nanocomposite films for antimicrobial food packaging. Bull. Mater. Sci. 2017, 40, 609–614. [CrossRef]

35. Siripatrawan, U.; Harte, B.R. Physical properties and antioxidant activity of an active film from chitosan incorporated with green
tea extract. J. Food Hydrocoll. 2010, 24, 770–775. [CrossRef]

http://doi.org/10.1016/j.reactfunctpolym.2018.02.001
http://doi.org/10.1002/pat.3847
http://doi.org/10.1080/03602559.2013.820752
http://doi.org/10.1021/jf900778u
http://www.ncbi.nlm.nih.gov/pubmed/19566085
http://doi.org/10.1021/cm0343047
http://doi.org/10.1021/jf703629s
http://doi.org/10.1002/app.10393
http://doi.org/10.1080/03602559.2012.716894
http://doi.org/10.1111/jfpp.12369
http://doi.org/10.1016/j.foodhyd.2016.04.027
http://doi.org/10.1002/cbdv.200590013
http://doi.org/10.1021/ma052178h
http://doi.org/10.1016/j.ijbiomac.2019.03.171
http://www.ncbi.nlm.nih.gov/pubmed/30926493
http://doi.org/10.1016/j.ijbiomac.2014.11.036
http://www.ncbi.nlm.nih.gov/pubmed/25499891
http://doi.org/10.1002/1097-4628(20010314)79:11&lt;2006::AID-APP1009&gt;3.0.CO;2-F
http://doi.org/10.1016/S0378-8741(01)00197-0
http://doi.org/10.3389/fmicb.2018.01639
http://doi.org/10.1016/j.ijbiomac.2017.03.178
http://doi.org/10.1016/j.ijbiomac.2014.05.050
http://www.ncbi.nlm.nih.gov/pubmed/24875319
http://doi.org/10.1080/03602559.2012.661899
http://doi.org/10.1002/pat.4042
http://doi.org/10.1007/s12034-017-1403-3
http://doi.org/10.1016/j.foodhyd.2010.04.003


Antibiotics 2022, 11, 1502 14 of 14

36. Suneetha, M.; Rao, K.M.; Han, S.S. Mussel-inspired cell/tissue-adhesive, hemostatic hydrogels for tissue engineering applications.
ACS Omega 2019, 4, 12647–12656. [CrossRef]

37. Tongdeesoontorn, W.; Mauer, L.J.; Wongruong, S.; Sriburi, P.; Rachtanapun, P. Mechanical and physical properties of cassava
starch-gelatin composite films. Int. J. Polym. Mater. 2012, 61, 778–792. [CrossRef]

38. Venkatesan, R.; Rajeswari, N. Nano-silica reinforced poly (butylene adipate-co- terephthalate) nanocomposites: Preparation,
characterization and properties. Polym. Bull. 2019, 76, 4785–4801. [CrossRef]

39. Lin, Y.; Bilotti, E.; Bastiaansen, C.W.M.; Peijs, T. Transparent semi-crystalline polymeric materials and their nanocomposites: A
review. Polym. Eng. Sci. 2020, 60, 2351–2376. [CrossRef]

40. Ramji, V.; Vishnuvarthanan, M. Influence of NiO supported silica nanoparticles on mechanical, barrier, optical and antibacterial
properties of polylactic acid (PLA) bio nanocomposite films for food packaging applications. Silicon 2022, 14, 531–538. [CrossRef]

http://doi.org/10.1021/acsomega.9b01302
http://doi.org/10.1080/00914037.2011.610049
http://doi.org/10.1007/s00289-018-2641-2
http://doi.org/10.1002/pen.25489
http://doi.org/10.1007/s12633-020-00839-x

	Introduction 
	Results and Discussion 
	FTIR Analysis 
	SEM Analysis of Chitosan and Its Composites 
	TGA Analysis 
	Mechanical Test of Chitosan and Chitosan/Almond Gum Composites 
	Film Thickness of Composite Film 
	Film Transparency 
	Swelling Property of Composites 
	Water Solubility Test 
	Barrier Property 
	Antimicrobial Activity 

	Materials and Methods 
	Chemicals and Materials 
	Collection and Purification of Almond Gum 
	Synthesis of Chitosan Polymer 
	Preparation of Chitosan/Almond Gum Extract Composites 
	Characterization 
	Statistical Analysis 

	Conclusions 
	References

