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Abstract

In this study, carboxymethyl chitosan with gum Arabic (CG) based novel functional films containing Cinnamomum camphora
seeds extract (CCSE) at varying concentrations (0.5, 1.2 and 2% in w/w) were successfully fabricated. Moreover, sixteen phenolic
compounds were identified by LC-ESI-QTOF-MS and the most abundant organic acid was citric acid (present at 1062.55 pg/g dry
weight in CCSE). SEM showed that higher extract concentration indicated a homogeneous surface and more stability of films.
CCSE inclusion into CG resulted in a marked increase (33.01 to 63.23 MPa) of tensile properties, with optimum thickness. The
swelling degree, water solubility, and water vapor permeability were markedly (p < 0.05) reduced from 54.21 to 31.70%, 32.05 to
14.02%, and 3.46 t0 1.12 x 1071 'g"'s "Pa", respectively. The open control and CG samples showed much higher peroxide values
of sunflower oil (69.49 + 0.68 and 20.15 + 0.31 mEq/kg, respectively) while CG-CCSE2 exhibited a low value (9.79 + 0.28 mEq/kg)
after 28 days incubation. The good antioxidant and antimicrobial properties exhibited by the fabricated films demonstrated their
potential use in the food packaging industry.

1. Introduction

About 39000 to 52000 consumption of micro-plastic particles by humans is recorded annually [1]. Many environmental problems
were happened due to the unending utilization of petroleum-based plastic materials because of their non-degradable nature [2].
Consequently, the accumulation of these plastic materials in landfills or oceans induces eco-pollution [3], thereby posing health
risks to consumers. To ameliorate this environmental concern, new food packaging films have been developed by researchers
from various biopolymers such as polysaccharides, lipids, and proteins. Due to their suitable characteristics like vapor and water
barrier [4], the potential application of these materials in food preservation as alternative packaging sources is imperative.
Importantly, positive comments have been received for bio-based films as a biodegradable substance and also as a carrier of
bioactive substances [5, 6].

Green active packaging is an innovative technology that has appeared as an enticing alternative for the food packaging film,
which contains bioactive compounds including antimicrobials and antioxidants [7]. Several natural ingredients such as tea
polyphenols [8], chives root extract [9], red grape extract [10], sweet potato extract [11], mango peel extract [7], thyme, mango
kernel, murta leaf and grape seed extracts [12] have been reported to enhance the antioxidant efficacy of bio-based films. The vast
amount of wastes generated from the processing of fruits and vegetables can be utilized as potential polyphenol sources and
other bioactive compounds [13].

Carboxymethyl chitosan (CMC) is a promising biocompatible and biodegradable polymer produced from chitosan reaction with
mono-chloroacetic acid under alkaline conditions [14]. Gum Arabic (GA), a negatively-charged heteropolysaccharide derived from
the branches of Acacia tree trunks, has been distinguished as ideal for use in oil-in-water emulsion systems following its
encapsulation and emulsification potentials [15, 16]. Additionally, the polyelectrolytic property in the presence of uronic acid
enables its use as encapsulation carriers of active components by simple or complex polyelectrolyte complexes [17]. Through
electrostatic interactions, polyanionic GA can form characteristic composites with polycationic polymers like CMC, with the
complexes exhibiting different behaviors in different mass ratios [18]. Though the attempt to apply CMC and GA in food
packaging has been studied, their low antioxidant and antimicrobial potential make them undesirable and inefficient food
packaging [19, 20]. Therefore, to mitigate these constraints, numerous natural plants possessing potent bioactivities, including
quercetin [21], propolis extract [22], pullulan [23], polyphenols extracted [24], protein isolate extracted [25], and seed cover extract
[26] have been incorporated into CMC and GA film. Cinnamomum camphora tree belongs to the Lauraceae family. It is widely
grown as a landscape tree in Southern China and abundant in Korea, Vietnam, Japan, and India across tropical and subtropical
zones. C. camphora seeds are abundant, with a yearly yield exceeding 1 million tons in China [27]. The seeds of the tree are not
only used for oil extraction but also to treat various ailments [28]. The health benefits and biological functions of C. camphora
seeds are mostly associated with their polyphenolic contents [29]. Previous studies have also indicated that C. camphora seeds
consist of approximately 58.02% crude fat, 18.15% crude protein, 17.9% carbohydrate, 3.97% moisture, and 1.96% ash [27]. In
China, the seeds are often used in almost every extraction oil and traditional Chinese medicine, thereby generating huge residues
in the form of seeds [30, 31]. The polyphenols of C. camphora seeds extract (CCSE) have also been known to possess
antimicrobial and antioxidant properties [32]. Therefore, LC-ESI-QTOF-MS was applied to identify polyphenols and organic acids in
CCSE. Sixteen phenolic compounds were identified, and the most abundant phenolic compounds were 4-hydroxybenzoic acid and
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p-coumaric acid. Due to this, the exploration of CCSE as a potent component for developing CG-based active packaging film
should be considered. Thus, this study was designed to explore the effect of CCSE as an active ingredient to produce CMC with GA
active food packaging film and to estimate the structural, mechanical, biological and physical activities of the produced films.
Furthermore, the produced film was examined as a potential packaging material for oil storage in the food industry.

2. Materials And Methods
2.1. Materials and reagents

The seeds of C. camphora were collected in the ripening stage from the trees growing at Nanjing Agricultural University (Nanjing,
China). Analytical grade standards of protocatechuic acid, gentisic acid, phlorizin, 4-hydroxybenzoic acid, procyanidin B3, citric
acid, p-coumaric acid, syringic acid, L-ascorbic acid, ferulic acid, caffeic acid, salicylic acid, quercetin, rutin, catechin and
epicatechin were purchased from Henan Putian Tongchuang Biotechnology Co., Ltd. (Henan, China). CMC was obtained from
Junsei Chemical Co., Ltd. (Tokyo, Japan), while glycerol was obtained from Solarbio Science and Technology Co., Ltd. (Beijing,
China). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis-(3-ethylben-zothiazoline-6-sulphonic acid) (ABTS) were obtained
from Sigma Chemical Co., Ltd. (St Loius, MO, USA). Gallic acid was purchased from Aladdin Industrial Inc. (Shanghai, China). The
sunflower oil was obtained from a local market (Nanjing, China,). All other reagents used were of analytical grade.

2.2. Preparation and purification of CCSE

The extraction experiments were designed as follows: first, seed coats were peeled from fresh fruits of C. camphora and oven-
dried for 12 h at 50 °C. To remove oil from seeds, the crushed C. camphora seeds (25 g) were continuously extracted with 150 mL
petroleum ether at 45 °C for 6 h in a Soxhlet apparatus. Afterward, the crushed seeds were ground to powder and extracted with
80% aqueous ethanol solution at 45 °C for 90 min, with ultrasonication at 300 W (KQ 300DB, 300 W, 0-40 kHz, Kunshan Ultrasonic
Instrument, Kunshan, China). After vacuum filtration, the supernatants were obtained and concentrated at 45 °C by a vacuum
rotary evaporator. The targeted phase was then loaded onto a column (5 x 30 cm) of D101 resin, washed with distilled water at a
flow rate of 1.5 mL/min to eliminate strongly polar components. After that, the column was eluted twice with 80% ethanol. The
resulting elution was concentrated by a rotary evaporator at 45 °C and freeze-dried to obtain purified fractions of CCSE.

2.3. Characterization of phenolic compounds in CCSE
2.3.1. Total phenolic content

The Folin-Ciocalteu method outlined by Islam et al. [33] was adopted to evaluate the total polyphenol content of CCSE. Briefly, 0.5
mL from the sample was added to 1.0 mL from the reagent (Folin-Ciocalteu) was diluted 10 times and left in the dark for 6 min.
After that, 2.5 mL from Na,CO4 (75 g/L) was added and the mixture was kept for 30 min at 25 °C. At 765 nm, the absorbance of
the sample was measured, and the amount of total phenolic content was expressed as mg of gallic acid equivalent (GAE) per g of
extract. Gallic acid was used as a standard for plotting the calibration curve. All experiments were repeated six times.

2.3.2. LC-ESI-QTOF-MS analysis

Identification and quantification of polyphenols in CCSE were achieved by the LC-ESI-QTOF-MS system (G2-XS QTOF Waters,
Manchester, UK). In brief, the extract was prepared at a concentration of 5 mg/mL. After that, the samples were centrifuged at
3,000 rpm (Beckman coulter Avanti J-265XP) for 15 min at 20 °C. Continuously, 1.5 mL of supernatants were collected in HPLC
vials for LC-MS, and 2 L solution was injected into the UPLC column (2.1 x 100 mm, 1.7 pm particles, ACQUITY UPLC BEH C18
column) with a flow rate of 0.3 mL/min. Buffer A consisted of 0.1% formic acid in the water, and buffer B consisted of 0.1% formic
acid in acetonitrile. The gradient was 5% Buffer B for 0.5 min, 5-95% buffer B for 11 min, 95% buffer B for 2 min. Electrospray
ionization (ESI) was used as a source in positive modes with a preferred mass spectrum in the m/zrange 100-1600. The leucine-
enkephalin (m/z 556.2771) was used for recalibration and removing the lock mass. lonization parameters were the following: the
capillary voltage was 2.5 kV, sample cone was 40 V, source temperature was 120 °C and desolvation gas temperature was 800 °C.
Data acquisition and processing were performed using Masslynx software version 4.1.

2.3.3. HPLC analysis of CCSE
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Aglient 1100 Series HPLC system (USA) with DAD detector and Phenomenex SynergiTM 4 um RP-Hydro C-18 (0.46 x 250 mm)
was used to determine the phenolic composition of CCSE. Two mobile phases were used, formic acid in deionized water 0.1%
(v/v) (A) and acetonitrile (B). The flow rate was set at 15-30% from 0 to10 min, 30-50% from 10 to15 min, 50-60% from 15 to 20
min, and 60-70% from 20 to 25 min, and 70-80% from 25 to 30 min. The injection volume and the flow rate were 20 pL and 0.35
mL/min, respectively. The samples were measured at 280 nm and the column temperature was 35 °C.

2.4. Preparation of films

The films were fabricated by dissolving 6.0 and 3.2 g of CMC and GA, respectively, in distilled water (400 mL). After stirring (800
rpm, 60 °C, 2 h), the glycerol solution (35% w/w based on CMC and GA used), used as a plasticizer, was added to the mixture and
thoroughly homogenized by stirring at 800 rpm at 50 °C for 30 min. After that, CCSE was added at the concentration of 0, 0.5, 1.2
and 2% (based on CMC and GA used) to afford groups of CMC/GA (CG, control), CMC/GA with the respective concentrations
denoted as (CG-CCSE 0.5, CG-CCSE 1.2, and CG-CCSE 2), respectively. Every group was stirred (40 °C, 800 rpm, 1 h) to afford a
thorough blend. Afterward, 50 mL aliquot from each group was carefully poured into petri-dish plates (150 mm) and oven-dried (45
°C, 12 h). The films were then peeled off the plates and stored in a desiccator at 30 °C until further analysis.

2.5. Characterization and mechanisms of films
2.5.1. Scanning electron microscopy (SEM) analysis

The surface morphology of produced films was analyzed using SEM (SU8010, Hitachi, Japan) at 10 kV. The films were cut (10 x
10 mm) and placed on an aluminum slab using a double-sided sputter covered with gold and carbon tape.

2.5.2. FT-IR spectrophotometry analysis

FT-IR spectrometry (Nicolet iS-50, Thermo, USA) with 4000 to 525 cm ~' frequency range was employed to analyze the prepared
film's initial structures.

2.5.3. X-ray diffraction (XRD)

An X-ray diffractometer (D8 Advance, Bruker, USA) was used to identify the crystal structure of the films at 30 kV and 10 mA.
Angular range (2 6 =5 - 80 °) was applied to detect the scattered radiation at 15.6°/min scanning speed.

2.5.4. Differential scanning calorimetry (DSC) analysis

DSC (DSC-60, Shimadzu Corp., Kyoto, Japan) was used to analyze the thermal properties of the films. Briefly, 10 mg of film pieces
were sealed in a standard aluminum pan which was heated under a nitrogen atmosphere from 27 to 450 °C at a rate of 10 °C/min

2.5.5. Thickness and mechanical properties analysis

The film thickness was estimated by a digital hand-held micrometer (Mitutoyo Absolute, Tester Sangyo Co. Ltd., Japan). Each
sample was measured 10 times randomly at various levels, and the mean was calculated. Additionally, a texture analyzer (TA.XT
Plus, Stable Micro Systems Ltd., Surrey, UK) was employed to analyze the mechanical properties (tensile strength percentage (TS)
and elongation-at-break (EB) of the films at room temperature. Film strips (10 x 80 mm) were positioned on grips (50 mm) with the
tensile power and cross speed processed at 5 kN and 50 mm/min, respectively. The films were examined three times. TS and EB
values, per the values of extensibility (mm) and resistance to extension (N), were calculated using the equation.

TS(MPa) = x 100(1)

Xx W

AL
EB(%) = T X 100(2)

Where F = resistance to extension (N), X = film thickness (mm) and W = the width of the film (mm), AL = the increase in the
distance at the break (mm) and L = the original length between grips of the film (mm).

2.5.6. Measurements of solubility, swelling ratio and moisture
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The film bands (20 x 20 mm) were weighted as wet weight (M) and dried at 105 °C till constant weight to calculate the primary
dry mass value (M,). The dried pieces were transferred to 100 ml beakers filled with distilled water (50 mL) covered with plastic
wraps and preserved at 25 °C for 24 h. Next, the films were dehydrated superficially with filter papers and weight to get (M,). The
saturated-hydrate films were dehydrated again to constant weight at 105 °C to afford final dry mass (M3). The moisture content
(MC), swelling ratio, and solubility were measured using the equation below.

My — M,
Moisturecontent(%) = X 100(3)
0
M, — M,
Swelingratio(%) = — X 100(4)
0
M, — M;
Filmsolubility(%) = X 100(5)
1

Where M, = initial weight of the film, M; = initial dry weight of the film, M, = weight after drenching films in water for 24 h, and M4
= dry weight of the film after drenching films in water for 24 h.

2.5.7. Analysis of water vapor permeability (WVP) of films

The method of Zhang et al. [34] was followed to estimate the WVP values of the films with minor changes. The film samples (5 x
5 cm) and anhydrous CaCl, were loaded in special glass cups (4 cm) and sealed. After that, the cups were placed in a desiccator
at 75% humidity and packed with sodium chloride saturated solution. Thereafter, for 10 h, the weight of the cups was recorded
each hour and after 24 h. By using linear regression, the slope of weight difference against time was recorded against time. The
WVP (g m 's™"Pa") was estimated as follows:

Slope x L

WNP = =" "Ap

where L = average film thickness (m), A = transfer area (m?), and AP = difference in the pressure of partial water vapor.

2.5.8. Film color and opacity

The color of films was measured using a colorimeter (CR-40, Minolta, Camera Co., Japan) with illuminant D65, a 0° viewing angle,
and a 0.13 mm diameter viewing area was used to determine the color of prepared films. Before measurement, the Colorimeter
was calibrated with a white tile (mod CR-A43). The equations below were used to estimate the total color variation (AE), white (WI)
and yellow (YI) indexes.
AE = * * 2 k *k 2 * * 2 1/2
= (LF = L*%) +(aj _a ) +(b1~ —b )) 7)

142.68 x b*
Y= ——F—-—
L*

1/2
WI =100 — ((100—L* )2+a*2) + b*2(9)

UV-722 spectrophotometer (Shanghai Jinghua Science & Technology Instruments Co., Ltd., China) was used to determine the
opacity of the samples at 600 nm. The transparency for the sliced bands (80 x 45 mm length) was assessed. The opacity was
calculated as equated below.

Opacity = A|L(10)

Where, A = absorbance value at 600 nm and L = film thickness (nm)

2.5.9. Determination of the antioxidant activity of films
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The method outlined by Liu et al. [35] was employed to determine the antioxidant activity of the films. Film solution (50 yL) was
mixed with 200 pL of working solution from ABTS, the absorbance at 734 nm was measured, and scavenging activity was
estimated as shown below.

A - A,
ScavengingactivityonABTSfreeradicals(%) = (1 -4 X 100 )(11)
0

Where A, = ABTS" initial absorbance, A; = sample absorbance, and A, = sample with PBS absorbance.

To determine the DPPH radical scavenging activity, 50 pL from the film sample was blended with 200 pL of DPPH methanolic
solution (0.2 mM) and put in the dark for 30 min at 30 °C. Later, the absorbance was measured at 517 nm with ascorbic acid used
as the control. The scavenging activity was calculated as follows.

A -4y
ScavengingactivityonDPPHfreeradicals(%) = (1 -

Ay x 100 )(12)

Where A = initial DPPH absorbance, A1 = sample absorbance, and A2 = sample absorbance with water.

2.5.10. Assay of antimicrobial activity of films

The procedure of Khalid et al. [36] was employed to evaluate the antimicrobial activity of the prepared films against Gram-negative
(Escherichia (E.) coliCGMCC 1.8721) and two Gram-positive (Staphylococcus (S.) aureus (CGMCC 1.8721) and Bacillus (B.)
cereus (CGMCC 1.895)) bacteria. Briefly, each bacterial culture was diluted to afford a final 10° CFU/mL concentration. The cells
(0.1 mL) were spread onto a new medium agar plate. Subsequently, the discs of films (12 mm diameter) were prepared, sterilized
under UV light, placed carefully in petri-dish plates, and incubated (37 °C, 24 h). A sliding caliper was used to estimate the area of
the inhibitory zones.

2.5.11. Biodegradation test

The composting test described by Tan et al. [37] was adopted to analyze the biodegradation capacity of the prepared films. Briefly,
the soil was collected from the experimental area at Nanjing Agricultural University (Nanjing, China). It was then put in a tray made
from plastic and buried with the films (2 x 2 cm) at 4 cm depth for 21 days. The soil was treated twice daily with water. Each week,
the films were removed and their weight loss calculated using the following equation:

My - M,

Weightloss(%) = YA 100(13)
0

Where M, = initial film weight and M, = film weight after 7, 14, or 21 days of biodegradation.

2.6. Experiments of packaging of sunflower oil
2.6.1. Capability of films for oil resistance

The procedure of Wang et al. [38] was adopted to determine the capability of films for oil resistance with minor changes. Briefly,
Whatman No. 1 filter paper (6 cm diameter) was dried in the hot-air oven at 50 °C. The films (4 x 4 cm) were then fitted with ropes
above 5 cm of oil-containing glass test tubes and positioned downward for 48 h on the filter paper. Afterward, the weight was
recorded, and the oil absorption ratio (OAR) was measured.

OAR(%) = (mﬂ -1 ) x 100(14)
0

Where m = filter paper weight after 48 h and m, = weight of dried filter paper.
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2.6.2. Determination of peroxide value (POV)

Sunflower oil (10 mL) was added into a glass test tube (15 mm x 150 mm) and samples containing sunflower oil were sealed and
stored for 28 days at 50 °C. From each sample, 10 mL was taken on days 1, 7, 14, and 28 to determine the POV by iodometric
titration as outlined by the National Standard of the People's Republic of China GB/ T5009.227-2016 [39] with slight changes.
Briefly, sunflower oil (7.0 mL) was dissolved in 30 mL of 2:3 (v/v) acetic acid and trichloromethane before adding 1.0 mL
saturated potassium iodide and shaken in the dark for 1 min. Afterward, distilled water (30 mL) was added and shaken for 1 min
before adding starch indicator (1%, 0.5 mL) into the mix. The solution was titrated with 0.017 N sodium thiosulfate until the blue
color disappeared, and the consumption rate was recorded. POV (mEq/kg) was calculated as shown below:

Vx Nx 1000

POV(mEq| kg) = W

(15)

Where V= volume of sodium thiosulfate for titration (mL), N = normality of thiosulfate, and W = weight of the lipid (g).

2.7. Statistical analysis

The SPSS 16.0 software was employed to analyze the data. One-way analysis of variance (ANOVA) was applied to determine the
difference between factors and levels. Duncan multiple range tests were used to determine the significant differences (p < 0.05)
between means.

3. Results And Discussion
3.1. Characterization of phenolic compounds

The total phenolic content of C. camphora seeds was 40.16 + 1.44 mg of GAE/g of extract. The C. camphora seeds extract
showed a fair amount of phenolic content, which is consistent with previous results [29, 32]. Moreover, citric acid and 4-
hydroxybenzoic acid were mainly in CCSE. This observation also supported the results of LC-ESI-QTOF-MS. These observations
illustrate that seed waste is a valuable source of citric acid that can be used not only to increase bioactivity but also to generate
biodegradable food packaging films based on CG.

An untargeted qualitative analysis of phenolic compounds in CCSE was done by LC-ESC-QTOF/MS. Polyphenols in both positive
and negative ionization modes were tentatively described based on their m/z value from MS spectra. Table 1 displays all the
compounds found in the seeds extract of C. camphora. A total of 16 phenolic compounds and citric acid were identified in C.
camphora seeds (Table 1), they were mainly phenolic acids (8) and flavonoids (6) followed by other polyphenols, including
hydroxycinnamic acids, hydroxybenzoic acids, flavones and flavanols. CCSE displayed citric acid and two polyphenolic
compounds (4-hydroxybenzoic and p-coumaric acids) which lead to variation in organic acids, flavonoids, phenolic acids, other
polyphenols and overall antioxidant activity [29, 32].

3.2. Characterization of films properties
3.2.1. Observation of film microstructure by SEM

The structure, homogeneity, and morphology of the matrix are very integral in the non-permeability of films [40]. SEM was
employed to analyze the film microstructures, surface smoothness, voids, layer structure, and homogeneity. The surface images
and cross-sections of control and CCSE-treated films were screened (Fig. 1A and B). The SEM images indicated that GA surfaces
in the composite film impacted the CMC structure in the CG control film, causing discontinuities in the matrix of the polymer.
However, the presence of CCSE enhanced the smoothness, uniformity, and homogeneity in the structures without bubbles or pores.
At low concentration (CG-CCSE 0.5%), dispersion of most of the compounds was done uniformly in the matrix without vivid
aggregation, while in high CCSE concentration (CG-CCSE 1.2 and 2%), the surface became more homogenous with lighter spots
which might be synonymous to increase in films stability. Besides, the aggregation characteristics also enhanced the softness of
CCSE-treated films (Fig. 1C), which induced tensile strength and lower transmittance values of films compared to the control
group. The hydrophilicity of polyphenolic compounds present in the extract might be the reason for this. The attained results were
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comparable to the findings reported by Cheng et al. [41] and Dou et al. [42] when CG and sodium alginate films were prepared
combined with different phenolic extracts. This observation also supported the results of FT-IR, mechanical properties, and DSC in
the subsequent experiments.

3.2.2. FT-IR observation

FT-IR spectroscopy was performed to explore the intermolecular changes of the films (Fig. 2). The spectral bands of every film
appeared around 3281.28 cm™" for 0-H stretching, 2936.57 and 2885.95 cm™" for stretching from the alkyl group and peaked at
1589.05, 1036.06, and 919.87 cm™" corresponded to C=0, N-H bending vibration, C=N stretching and C-O-C band stretching

(Fig. 2A), respectively [9]. The CCSE spectrum indicated principal points at 3264.89, 1609.78, and 1177.81 cm™ wavelengths,
representing O-H, COO- (symmetric) and C-O-C stretching (Fig. 2B), respectively [23], while that of CMC displayed principal points in
wavenumber length around 3291.89, 1590.02, 1419.83, and 1053.42 cm™’, characterized of 0-H, COO- (asymmetric), COO-
(symmetric), and C-O-C stretching, respectively. Akhtar et al. [4] also detected the stretching vibration of aliphatic C-H at 2899.93
cm™'. The spectral bands (1413.56 and 1600.14 cm™") of GA were consistent with the asymmetric and symmetric stretching
vibration of -COO-, respectively [43]. The spectral band (3292.85 cm™") denoted O-H stretching of the glucosidic ring, while
2922.11 cm™’ signified C-H stretching [44]. To form CG control film, the addition of GA to CMC caused shifting in wavelength
values compared with CMC and GA from 3506.91 to 3006.48 cm™" to create a tough absorption band at 3276.46 cm™" for O-H
stretching. Additionally, a new peak (2897.52 cm™") which did not appear in CMC or GA spectrum, indicating a potential
occurrence of a cross-linked reaction between CMC and GA. It was evident from the spectral peaks after CCSE addition to the CG
film that no covalent bond existed between CG and CCSE, demonstrating only physical interaction between them. Also, the shifting
of the low wavenumber of some peaks was dose-dependent. This could be related to CCSE in CG, which, due to intermingling with
the glycerol-polymer matrix, modified the OH group's availability within the polymer network. These results are similar with the
previous findings [45].

3.2.3. Observation by XRD

For the evaluation of the crystalline structure and effect of CCSE inclusion in CG film, XRD analysis was employed. As observed,
CG possessed an amorphous structure with a wider and single peak at 2 8 about 20 ° (Fig. 3A), corroborating the findings of Wu et
al. [23]. This indicated that CCSE incorporation did not affect the inner structure of the CG control films. Also, the X-ray spectrum of
films following CCSE inclusion only reduced the strength of spectral peaks, being wider with increasing CCSE concentration. This
phenomenon was aided because the interaction between CG and CCSE facilitated the formation of hydrogen bonds in CG, causing
a decline in crystallinity. Therefore, the mechanical characteristics of a film depend significantly on the crystallites in its structure.
Similarly, Riaz et al. [46] discovered the crystallinity of carboxymethyl cellulose film raised after adding polyphenols from Chinese
chives (Allium tuberosum), which could be connected with the retrogradation of carboxymethyl cellulose that appeared through
film preservation. In CG-CCSE films, because of the competitive effect of hydrogen bonds between CG and CCSE, their interactions
could hinder the formation of inter-and intra-molecular hydrogen bonds in CG, thereby inducing a decline of crystallinity. These
findings were consistent with a recent study [43].

3.2.4. DSC analysis

As displayed in Fig. 3B, DSC analysis was performed to determine the treated film thermal transition, and evaluate the possible
changes in the film crystallinity. Except for CG-CCSE 2, which exhibited four peaks, the rest showed three distinct peaks, indicating
endothermic and exothermic occurrences. As the temperature increased, a complex endothermic and exothermic behavior was
visible with three distinct peaks. The first endothermic peaks (119.48 and 240.12 °C) were attributed to the loss of the residual
moisture in the CG film due to heat absorption by the film, whereas the exothermic region around 311.74 °C was attributed to the
breakdown and degradation of polysaccharide [47]. For the CG-CCSE 2, 148.40, 245.48 and 256.20 °C were endothermic peaks,
respectively. This finding also confirmed the strong thermal stability of CG-CCSE films compared with the control film, especially
the first endothermic peak (98.5 °C) when the concentration was 1.2%. Consequently, CCSE treatment could alter the structural
arrangement between GA and CMC polymers. The treated films also showed a reduction in the temperature of the peak as the
peak area increased. Likewise, the increase in DSC values of CG-CCSE films also corroborated the increase of the citric acid and
polyphenols thermal stability. Wang et al. [48] reported that gelatin film mixture added with anthocyanins could yield tough gelatin
and gelatin matrix between the anthocyanins and polymer molecules, which escalated the dissimilate temperatures and enhanced
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the thermal sturdiness of the films. The finding of DSC implied that the thermal stability of CCSE films in the CG matrix was
concentration-dependent.

3.3. Physical properties of CG-CCSE film
3.3.1. Thickness

As presented in Table 2, the inclusion of CCSE did not affect the thickness of the CG films. However, it enhanced the soft elasticity
and tensile strengths of the films. This might be due to the interactions between polyphenols and CG, causing a tighter binding of
polyphenols and CG [9]. As CCSE concentration increased, nanoscale-quasi were produced following the continuous stirring with
solid content addition and the interruption of the organized structure of the film matrix [49]. The polyphenol and CG interaction
(including hydrophobic force and hydrogen bonding) increased and caused the tighter polyphenol-matrix binding, inducing the
compartment of the film structure and enhanced surface smoothness. This phenomenon also supported the results of SEM and
mechanical properties.

3.3.2. Mechanical property of CG-CCSE film

The mechanical property results for all the studied films are represented in Table 2. In all of the checked films, the values of TS
and EB were increased (p < 0.05). However, the CG control film showed low mechanical properties strength, and the mechanical
properties of the CG control film were boosted by the inclusion of CCSE in the CG matrix. EB and TS results of CG control films
were 37.24% and 33.01 MPa, while for CG-CCSE2, they were stated to be 70.03% and 63.23 MPa, respectively. The increased TS
and EB in CG-CCSE films were due to abundant hydroxyl groups in citric acid and polyphenols that could form hydrogen bonds
with the hydroxyl groups in CMC/GA, resulting in stronger interfacial adhesion between CG and CCSE [50]. Similar findings have
previously been published [4, 48]. On the other hand, intra-molecular forces, polymer composition, and the existence of crystallites
beside the film network microstructure strongly rely on the mechanical property of a film [51]. It was apparent from the film SEM
analytic results that an increase in CCSE concentration in the CG matrix led to the high homogeneity in the structure of CG control
films, facilitating the strong interaction through hydrogen or ionic bonds within the CMC molecule and between GA and CCSE
molecules [49]. Consequently, it could be assumed that CCSE inclusion promoted crystallinity and allowed the interchain
interaction of CG, which resulted in EB and TS increase of the CCSE films.

3.3.3. Moisture content, water solubility, and swelling degree

The film's water resistance behavior is significantly induced by increase and decrease of swelling and water solubility, respectively
[52]. The high solubility of CG in water makes it unfeasible to be used as a food packaging material. Hence, the incorporation of
CCSE enhanced its water-resistant property. As presented in Table 3, a decline (p < 0.05) in water solubility and swelling was
observed in CG-CCSE films. Hydroxyl groups (hydrophilic groups) in the CG molecule were integral for its intrinsic swelling
behavior [53]. From the result, it is evident that the decrease in water solubility of CG-CCSE films was dose-dependent. This could
be clarified due to the generation of powerful hydrogen bonds between the CG matrix and polyphenolic compounds. It was
apparent that higher CCSE concentration decreased the water solubility of CG-CCSE films. Consequently, due to a decrease in
water molecules linked with CG, the amount of water became less. These results supported the finding reported by Uranga et al.
[54] and Rui et al. [55].

3.3.4. WP

To determine the attitude of moisture permeability of the studied films, WVP analysis was carried out. The highest (3.46 x 107"
gm~'s""Pa”") and lowest (1.12 x 107"" g-m™'s 'Pa™") values were recorded in control and CG-CCSE 2% films (Table 3),
respectively. The reduction could be linked to the less interactivity between the molecules of the water existing in the film following
the effect of the cross-linking between glycerol, CG and CCSE, thereby promoting lower free water availability [56]. For food
packaging films, low WVP values are very critical for preventing the transfer of moisture between food and the environment.
Notably, the film thickness played a pivotal role in the water-barrier attribute. Films with optimal thickness possessed low WVP
following the non-permeability of water molecules. Similar behavior was also documented as a result of the integration of the
extract from black and blueberry into CG-based films [57].

3.3.5. Color and opacity
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The color and opacity of food packaging material are integral indicators for consumer preference. All the variables were influenced
(p < 0.05) by CCSE (Table 4). The control films were extremely transparent while the color change was observed in the treated
groups. A remarkable difference (p < 0.05) was recorded between all color indicator values (L% a* and b*). The color of the film
became extra light amber in CG-CCSE 2 group (Fig. 1C). Film opacity also became higher (p < 0.05) by increasing CCSE
concentration, making the films more opaque. Transparency in the film network is relevant to polymer alignment. The CG film was
extremely transparent in comparison to the CG-CCSE film while the decrease in transparency was dose-dependent. The
intermolecular bonding happened by CG and CCSE might be linked as the probable cause. The improvement in the characteristics
of color and lowering the tendency of transparency in CG-CCSE films could be beneficial to protect food against color change,
nutrient loss and off-flavor [58].

3.4. CG-CCSE film bioactivities
3.4.1. Antioxidant activity

The antioxidant potential is the primary feature of effective food packaging [59]. Thus, the scavenging activities on ABTS and
DPPH free radicals of the films were investigated. The antioxidant activity of CG-CCSE films was improved (p < 0.05) by CCSE
addition (Fig. 4A), as observed in the increase of antioxidant hydroxyl groups. The increase is associated with phenolic
compounds in CCSE [32]. The antioxidant activity of the phenolic groups was contributed by the phenolic ring that can delocalize
unpaired electrons and donate hydrogen from the hydroxyl groups [60]. As shown, the increase in the total phenolic contents was
dose-dependent. Similarly, citric acid also acted as an antioxidant indirectly by chelating effect. Ounkaew et al. [61] reported that
the DPPH scavenging activity of polyvinyl alcohol/starch film increased with increasing citric acid content. A similar result was
also reported for an increase in antioxidant activity of biopolymer films incorporated with black soybean seed coat extracts of
Pistacia terebinthus [38, 62].

3.4.2. Antimicrobial activity

The CG-CCSE films demonstrated an inhibitory effect (p < 0.05) on both Gram-negative (E. coli) and Gram-positive (S. aureus and
B. cereus) bacteria, and the inhibitory zones increased with increasing CCSE concentration in CG (Fig. 4B). The antimicrobial
impact of CG films was attributed to high cellular permeability from bacterial cells and CG interaction. Snoussi et al. [63] asserted
that the antimicrobial potential of an organic acid with phenolic compounds was linked to the physiological changes occurring in
the bacterial membrane, ultimately resulting in cell death [64]. Moreover, citric acid present in CCSE might be involved in the
reaction between thiosulfinates and thiol groups, resulting in the inactivation of thiolic enzymes present in Gram-negative bacteria
and allyl-disulfide production, which further modified L-cysteine causing bacterial cell death [65]. Therefore, active packaging films
should possess significant antimicrobial properties high enough to inhibit microbial growth and enhance the shelf life of foods
[66].

3.4.3. Biodegradation

The biodegradable results of CG and CG-CCSE films are presented in Fig. 5. There was a significant (p < 0.05) weight loss in CG-
CCSE films as the days progressed. The CG-CCSEQ.5 film showed the maximum loss in weight recorded about 44.77% after 3
weeks (Fig. 5A), whilst the lowest value (34.14%) occurred in the control film (Fig. 5B). A similar biodegradation result was reported
when root extract [46] and rosemary extracts [67] were incorporated into the cassava-starch film. The result showed that the CCSE
incorporation enhanced Biodegradation following the generation of new polymeric materials, reducing adverse environmental
impact by rapid regression.

3.5. Potential application on sunflower oil packaging
3.5.1. Capability of films for oil resistance

To ascertain the oil-resistant capability of the films, the oil absorption ratio (OAR) was assessed. The results showed no significant
(p > 0.05) effect among the treated films. But between the CG- CCSE films and the CG control film, the OAR varied significantly (p <
0.05). Films (CG-CCSE 1.2 and 2) exhibited the lowest OAR (0.13 + 0.087 and 0.08 + 0.038), respectively, while the highest (0.39 +
0.023) value was observed in CG control film (Table 5). The probable cause could be attributed to the existence of hydrophilic
hydroxyl groups in the structure of CG and homogeneity in the structures without bubbles or pores of the films from CCSE
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inclusion, preventing the permeability of oil molecules out of the films. The low OAR value, therefore, demonstrated a more
remarkable ability for oil resistance, which is an essential characteristic for oil products packaging material.

3.5.2. Peroxide value (POV)

POV is considered a parameter for producing lipid oxidation primary products (hydroperoxides) [68]. Although all POV values
increased as days progressed, as presented in Table 5, the oxidation of CG-CCSE films was markedly (p < 0.05) reduced with open
and CG controls observed with the highest values (69.49 + 0.68 and 20.15 + 0.31 mEq/kg, respectively), while the lowest value
(9.79 £ 0.28 mEqg/kg) was recorded in CG-CCSE 2. Simultaneously, the color changes and oxidation of oils were detected by naked
eyes when kept at 50 °C for 28 days (as shown graphically in Fig. 6). The higher POV of sunflower oil for the CG film might be a
result of the discontinuities in the matrix of the CG film (Fig. 1A), which would permit accelerated oil oxidation. The high level of
unsaturated fatty acids in the oil and direct exposure to external oxygen could be probable causes. The compacted structure of the
bio-composite film showed an integral part in reducing oxidation by making oxygen impermeable [9]. The slow release of the citric
acid from the CG-CCSE was probably proficient to improve the balance of citric acid and retard the oxidation process of the
sunflower oil during preservation [61]. Besides, the antioxidant potency of the film following the availability of citric acid and
polyphenols also induced the retardation of the oxidative processes. Therefore, it can be concluded that CG-based CCSE films,
possessing good bioactive properties, can be used for active packaging applications to prevent oxidation and deterioration of
food.

4. Conclusion

C. camphora seeds, regarded as food scraps, possess rich bioactive compounds such as citric acid 4-hydroxybenzoic acid, and
other phenolic compounds, which can be explored as a potential packaging alternative. In this study, the effect of CCSE as a
bioactive agent was evaluated after inclusion into CG-based food packaging films. The incorporation enhanced the CG films
physical properties, including thickness, water solubility, and moisture content and swelling degree. Also, water vapor had been
reduced, indicating the perfect barrier potential of CG-CCSE films. Moreover, the total color features were improved from
transparent to opaque, including good antioxidant and inhibitory activities against the tested bacterial types. Thus, CG-based
CCSE films should be employed in the food industry as eco-friendly films in food packaging.
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Tables

Table 1

Identification and quantification of compounds from CCSE extract by using LC-ESI-QTOF-MS.

No
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Table 2

Name of
compound

Procatechuic
acid

Catechin

Caffeic acid
Epicatechin
Ferulic acid

Ferulic acid
isomer

Rutin

Salicyclic acid
Citric acid

4-
hydroxybenzoic
acid
Procyanidin B3

P-coumaric
acid

Phlorizin

Chlorogenic
acid

Sinapic acid

Feruloylquinic
acid

Morin

Retention time

(tr/min)

2.31

3.86
4.45
5.24
7.13
3.41

7.67
8.93
0.99
3.52

3.48

6.16

10.56
3.85

4.04
7.7

9.06

[M-H] -
m/z

153.0188

289.0712
179.0344
289.0712
193.05
193.05

609.1456
137.0239
191.0192
137.0239

577.1346

163.0395

435.1291
353.0893

223.0565
337.0922

301.0348

[M+H] +
m/z

155.0345

291.0869
181.0501
291.0869
195.0657
195.0657

611.1612
139.0395
193.0348
139.0395

579.1503

165.054

437.1448
355.1029

225.0722
339.1079

303.0503

Thickness and mechanical property of CG-based CCSE films.
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Calibration equation

g= 16055x+15230

g= 34984x + 78939
g= 31698x + 30606
g= 34400x + 40232
g= 14744x + 9076.8
g= 14744x + 9076.8

g= 41507x + 32683
g= 28337x + 15500
g= 5970.9x - 545.05
g= 8136.4x + 6108.1

g=27220x + 28992

g=21382x + 20278

g= 27330x + 25878
g= 31698x + 30606

of nisin-incorporated chitosan/carboxymethyl chitosan films. Carbohydr Polym 219:334-343

Regression coefficient
(R?)

0.998

0.9932
0.9907
0.9907
0.9923
0.9945

0.9969
0.9991
0.994
0.997

0.9956
0.9942

0.9993
0.9927

Content

(mg/g
dw

-35

-86.52
-34.56
-42.83
-18.85
-3.33

-20.88
-21.03
1062.55
19.02

-23.53
6.62

-29.72
-37.48



Film sample  Thickness Tensile strength  Elongation Break
(mm) (MPa) (%)

CG 0.025+0.00292  33.01 + 0.48¢ 37.24 +0.92¢

CG-CCSE0.5 .02 +0.0032 37.54+1.10° 44.06 + 0.60°

CGCCSE12  0026+0.0028%  54.50 + 0.20 57.38 + 1.94P

CGCCSE2  0.024+0.00067° 63.23+0.91° 70.03 + 0.692

Values are expressed as mean * standard deviation. Different letters in the same column indicate significant differences (p <
0.05).

Table 3

Physical properties of CG-based CCSE films.

Film sample  Swelling degree  Solubility Moisture content ~ WVP

(%) (%) (%) (x10" g 's7TPa™")
CG 54.21+6.21P 32.05+0.45% 16.92 + 0.33¢ 3.46 + 0.01°
CG-CCSED.5 4766+ 5.41P 25.54+0.51¢  14.46 +0.17¢ 2.37+0.01°
CGCCSE12  4253+1.88%P  17.69+0.62° 12.70 +0.50 1.67 +0.03¢
CGCCSE2 3170+ 1.25° 14.02+0.382  10.97 + 0.30° 1.12 + 0.02¢

Values are expressed as mean standard deviation. Different letters in the same column indicate significant differences (p 0.05).

Table 4

Color and opacity of CG-base films with different concentration of CCSE

Film L* a* b* AE Yl WI Opacity
sample
(mm -1)
CG 84.98 + 115+ 3.40+0.49° 919+043% 57240062 8456% 1.16 + 0.072
0.43¢ 0.032 0.414
CG-CCSE 71.45 + 499 +044b 12041 2437 + 24.09 + 68.72 + 10.43 +
0.5 1.05P 0.32P 1.16P 0.96P 1.13¢ 0.42b
CG-CCSE 66.84 + 5354+024¢ 2273+014¢ 3338% 48.60 + 50.43 + 13.76 +
1.2 0.892 0.55¢ 0.38¢ 0.55P 0.23¢
CG-CCSE2 6563+ 622 +028° 2510¢ 35.84 + 54.64 + 56.98 + 21.59 +
0.192 0.024 0.204 0.164 0.192 1.244

Values are expressed as mean standard deviation. Different letters in the same column indicate significant differences (p 0.05).

Table 5

Oil absorption ratio (OAR %) of CG-CCSE films and POV (mEq/kg) of sunflower oil stored in CG-CCSE films
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Values are expressed as mean standard deviation. Different letters in the same column indicate significant differences (p 0.05).

Film sample

Open control
CG

CG-CCSE 0.5
CG-CCSE 1.2

CG-CCSE 2

Figures

)

Figure 1

OAR

0.39 + 0.023
0.19 + 0.066°
0.13 + 0.087°

0.08 + 0.0382

POV

Day 1

2.83 +0.20°
2.64 +0.228
2.63 £ 0.242
2.66 + 0.262

2.63+0.192

B

Day 7

8.01 % 0.20¢
6.67 + 0.24°
6.19 +0.17°
4,93 +0.00°

4.33 £0.24°

Day 14
22.00 + 0.54°
10.48 £ 0.48°
9.76 + 0.24°
7.78 £ 0.272

6.76 £ 0.562

(A) Surface-sectioned SEM, (B) Cross-sectioned SEM, (C) Graphics of CG-CCSE films.
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Day 21

41.03 + 0.47¢
15.64 + 0.68°
14.36 + 0.51°
10.46 + 0.26°

7.69 + 0.002

)

Day 28

69.49 + 0.68¢
20.15+0.31°
17.36 + 0.46" ¢
1513+ 2.16°

9.79 £ 0.282
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Figure 2
(A) FTIR spectra of CCSE, GA and CMC, (B) FTIR spectra of CG films containing CCSE at different concentrations.
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Figure 3

(A) X-RD pattern of CG-CCSE films, (B) DSC thermograms CG-CCSE films.
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(A) Scavenging activities of the CG-CCSE films on ABTS and DPPH radicals, (B) Inhibitory effects of CG-based film with different
concentrations CCSE on four kinds of bacteria. Values are mean + SD (n = 3), a-d represent significant differences (p < 0.05).

Figure 5

(A) Biodegradability evaluation of CG-CCSE films. (B) Photographs of CG-CCSE films during the biodegradation test. Values are
mean t SD (n = 3), a-d represent significant differences (p < 0.05).

Figure 6

Photographs of uncovered, CG, CG-CCSE 0.5, CG-CCSE 1.2 and CG-CCSE 2 films during the oxidation and rancidity of sunflower oil
caused after sealed and stored at 50 °C for 28 days.
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