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ARTICLE INFO ABSTRACT

Keywords: Pectin-based edible film plasticized with glycerol has been developed, and the effect of pectin and
Citron peel pectin glycerol concentration was optimized using response surface methodology for better mechanical
Edible film

properties and transparency. The upper and lower concentration of pectin (3-5 g) and glycerol
(15%-25%) concentration ranges were considered in this study based on the preliminary
experiment. The responses of the edible film determined were tensile strength, elongation at
break and elastic modulus and opacity. The interaction effects of glycerol and pectin concen-
trations on edible film properties significantly affected the film properties. Tensile strength and
opacity were positively affected by pectin concentrations; however, elastic modulus and elon-
gation at break were negatively affected. Glycerol concentration negatively affected the edible
film’s tensile strength and elastic modulus. The decrease in the opacity of the biofilm was
observed as the pectin concentration increased; however, glycerol had not shown a significant
influence on opacity. The numerical optimization provided 4 g of pectin, and 20% of glycerol
showed a strong and transparent edible film. The TGA curve showed that the maximum weight
loss occurred between the temperatures 250-400 °C due to the loss of polysaccharides. From FTIR
analysis, observed peaks around 1037 cm™! represented the C-O-C stretching vibrations of the
saccharide found in pectin and glycerol.

Response surface methodology
TGA and FTIR

1. Introduction

Food packaging is an important part of the food industry, and it facilitates the transportation of food products in safer conditions
and maintains quality throughout the supply chain [1]. Environmental concerns over the increased production and usage of
non-biodegradable packaging materials and problems associated with trash disposal have stoked interest in developing bio-based
packaging materials. Hence, substituting non-degradable petrochemical-based packaging films with edible or biodegradable mate-
rials is highly required [2]. Various researchers have successfully employed different biodegradable natural polymers, including
proteins and polysaccharides, to prepare environmentally friendly edible films and coatings. The edible films containing poly-
saccharides and proteins can prevent food oxidation, moisture migration from and to the food, and loss of flavor and fragrance.

Additionally, it prevents microbiological contamination. Hence, edible films are now considered the ideal packaging materials for
food products. The edible biodegraded films containing carbohydrates have lower moisture barrier properties due to their hydrophilic
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nature [3]. The capability of at least one ingredient to provide the structural matrix with sufficient cohesiveness is necessary to form
edible biodegradable films. Pectin is a plant-based polymer with benefits, including being non-toxic, affordable, easily accessible in
nature, and biodegradable [4]. Pectin is a known plant cell component found primarily in cell walls and the middle lamella of plant
tissues. It is a complex polysaccharide derived from plants extensively employed in various food and pharmaceutical applications
[5-7]. Pectin is a galacturonic acid polymer containing an acidic polysaccharide and a methyl ester that also contains an acidic portion.
It is characterized as a hydrocolloid with very good thickening and gelling properties and the ability to hold a higher amount of water
[8l.

Even though pectin is available in many plants, the major sources for its commercial extraction are citrus peel, apple and sugar beet
pomace, cocoa husks, mulberry branch bark, peach pomace, sunflower seeds, mango tree bark, watermelon rind, sisal waste,
pomegranate peel, and papaya peel [9]. However, other citrus fruits, such as citron fruit and mandarin, are also known as good sources
of pectin [5]. Pectin is composed of a backbone of 1-4 galacturonic acid, to which a neutral sugar is linked to form a side chain.
Depending on the plant source, some of this galacturonic acid is methyl-esterified at the C-6 carboxyl and sometimes O-acetylated at
the O-2 or O-3 positions [10].

The mechanical properties of edible films are influenced by polymer structure, amounts and type of plasticizer, and solvent used.
Due to its stability and compatibility with the hydrophilic biopolymer chain, glycerol is the most extensively used plasticizer in edible
film production. The modification of electrostatic forces and interactions among the polymer chains results in variations in molecular
packing and inter-chain connections in the film matrix; this also alters the film’s microstructure and physical attributes [11]. Films
developed by solvent casting showed improved mechanical properties and reduced water vapor permeability [12]. These films
exhibited high resistance to enzymatic degradation when exposed to simulated intestinal fluid, an important property for
colon-targeted delivery systems.

Several studies have reported on the characterization of the pectin-based film incorporating different organic materials [13-15].
However, the optimization of the ingredients was not successfully conducted. The response surface methodology (RSM) is a statistical
technique for designing experiments and developing models while evaluating the effects of factors, reducing the number of experi-
mental runs, and identifying possible interactions [16]. However, limited research was reported on developing pectin-based edible
biofilm from the citron peel with glycerol as a plasticizer and optimization using response surface methodology.

Considering all the above gaps, this experiment was conducted to develop edible film from citron peel pectin and optimize the
pectin and glycerol concentrations for the best quality pectin edible film. The pectin-based edible films were characterized by thermal
and functional (FTIR) properties to obtain optimized process conditions.

2. Materials and methods
2.1. Raw materials procurements

The citron peel used in this study was collected from the nearby fruit market to extract pectin. The glycerol (>99.0% purity) was
purchased from a local chemical supplier. Analytical grade chemicals and distilled water have been used in various steps of edible film
preparation.

2.2. Microwave-assisted pectin extraction

Microwave extraction of pectin was performed according to the methods described earlier [17]. First, the dried citron peel was
measured and placed into a 250 ml beaker, and distilled water was added up to the solid-to-liquid ratio at 1:30 g ml~!, and the pH was
adjusted to 1.5. Then, the mixture was placed in the center of the microwave oven over a rotating base and exposed to microwave
radiation at 450 W for 2 min. Further, the mixture was filtered, and the remaining impurities were removed using centrifugation at
4000 rpm for 20 min. The supernatant was subjected to precipitation using ethanol (96%) in an equal volume and allowed to stay
overnight at 4 °C. Then, the precipitated pectin was isolated by filtration and washed three times with ethanol (96%) to remove the
mono and disaccharides [18]. The washed pectin mass was dried at 45 °C for 18 h to obtain dried pectin.

2.3. Experimental design

Response Surface Methodology was used for the design and analysis of this experiment by using the Design Expert Version 12 (Stat-
Ease, Minneapolis, USA). A central composite rotatable design of 2 variables with two levels was used to evaluate the response patterns
and to determine the optimum combination of variables. The independent variables considered in this experiment were citron peel

Table 1
Independent variable values of the process and their corresponding levels of pectin film development process.
Independent variable Unit Level
-1 0 +1
Pectin g 3 4 5
Glycerol % 15 20 25
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pectin and glycerol concentrations (Table 1) based on preliminary research with the best combination of glycerol concentrations. The
optimum concentrations of the citron peel pectin and glycerol concentration were considered based on the medium values of the films’
three responses (tensile strength, thickness and opacity) were optimized. The experimental results were fitted to a quadratic poly-
nomial model to investigate the interaction between independent variables and to optimize the extraction process considering tensile
strength, thickness and opacity of film as responses. The generalized form of the quadratic polynomial model was given in Eq. (1).

Y=p,+ BiXi + B.X; + BuX] + BuX; + By Xi X [€))

where: y = dependent variable examined; 8, = the value of fitted response at the central point of the design (0,0); B; and B, are the
linear regression coefficients; By, and By are thequadratic regression coefficients, B3 is the cross-product regression coefficient; X;
and X are the independent variables (pectin and glycerol concentration).

2.4. Preparation of edible film

Films were prepared by the solution casting method according to the method described by Yue Chen [19] with slight modifications.
Initially, 3-5 g of pectin (according to the experimental run) was dissolved in 100 ml of distilled water. The solution was heated at
70 °C, and 15%-25% (according to the experimental run) of glycerol was added after 20 min and heated for an additional 10 min. The
solution was cooled to 25 °C and poured into a cleaned Petri plate (Diameter: 15 cm). The Petri plates were dried for 48 h at 40 °Cin a
vacuum drying oven. The dried films were peeled-off and packed in a polyethylene plastic bag for further analysis.

2.5. Determination of mechanical properties of pectin films

The tensile mechanical properties were determined with a texture analyzer (XLW (EC), CHINA) following previous reported ASTM
procedure [19]. The mechanical properties of the films, including tensile strength (MPa), elongation at break (%) and elastic modulus,
were measured at 23 °C (the laboratory temperature), 50% RH (Relative Humidity) and 50 mm min ' speed. Film samples used in tests
were cut with sharp scissors into dimensions of 10 mm length and 1 mm width. Tensile Strength (TS), elongation at break (EAB), and
elastic modulus (EM) were determined in triplicate.

2.6. Determination of the opacity of pectin films

The opacity of all samples was recorded according to previous study method [20]. The films were cut into rectangular specimens
and placed directly in the spectrophotometer test cell (cuvette) using air as a reference. The light transmittance was measured by
scanning the samples at wavelengths ranging from 200 to 800 nm using a UV-Visible spectrophotometer (UV-1800 Japan). The
opacity of the films was recorded at 600 nm and was calculated as Eq. (2)

A
Opacity = % (&)

where: Agoo = Absorbance at 600 nm, X = Thickness (mm). The measurement was repeated three times for each type of film, and the
reported result is the mean of these measures.

2.7. Characterization of optimized pectin film

2.7.1. Thermogravimetric analysis

A thermogravimetric analyzer (TGA HTC-1 Instruments, USA) with a regular flow of nitrogen gas provided at a rate of 20 ml min™~
was employed to determine the thermal stability of 10 g of prepared edible pectin film in a temperature between 25 °C and 700 °C at a
heating rate of 10 °C.min"!. The weight loss rates due to the thermal decomposition within the heating range were calculated by
comparing the original weight with the weight loss data obtained [21].

1

2.7.2. Fourier transform infrared spectroscopy analysis

The Fourier Transform Infrared (FT-IR) (Nicolet, ISO50, USA) spectra of film from the optimal composition were produced. Spectra
were recorded in transmission mode within the wavelength range of 4000-500 cm ™! with 32 scans per spectrum at a resolution of 16
cm™L. Data from FTIR measurements were achieved over the range and analyzed with Origin Pro software [21].

2.7.3. Statistical Analysis and model fitting

By applying multiple regression analysis on the experimental data, a polynomial model was generated by Design Expert 12 software
to predict tensile strength, elastic modulus, elongation at break, and opacity as a function of process variables. The model equation is
expressed in X1 and X2, which represent pectin and glycerol concentrations, respectively. The statistical significance of the proposed
quadratic model for responses (tensile strength, elastic modulus, and opacity) was evaluated by ANOVA. The numerical optimization
was considered to determine the optimum concentrations of the pectin and glycerol concentration for the edible film with optimum
properties [22].
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3. Result and discussion
3.1. The interaction effect of parameters on mechanical properties

3.1.1. The effect of parameters on tensile strength

Tensile strength is very important parameater which represents the strength of the film withstand for the force. The pectin edifilm
from this study is showed the tensile strength of 4.00-7.001 Mpa. In this study, the tensile strength of pectin-based films showed a
statistically significant (P < 0.05) effect in the linear, quadratic and interactive models of pectin and glycerol concentration (Table 3).
Pectin films prepared in this study exhibited increased tensile strength by increasing pectin concentration. The effect of studied pa-
rameters on tensile strength is shown in Fig. 1a. The result indicated that as the concentration of pectin increased, the tensile strength
of the prepared edible film also increased. This increase in tensile strength is attributed to forming of a polysaccharide network during
film drying [23]. The proximity of pectin chains is favored by higher pectin content, which leads to the formation of a denser matrix.
Increasing the glycerol concentration in the film-forming solution produced weaker and more deformable films. Similerly, additives in
the pectin film formation solution also decreased the tensile strength of the pectin films. For instance, addition of essential oils reduced
the tensile strength of the pectin edible films [24]. The quantities and sources of the pectin, additives are directly influencing the tesnile
strength of the films (Table 4).

As glycerol concentration increased from 15% to 25% in the film forming solution, the tensile strength of the film decreased from
7.001 to 4 MPa (Table 2). This decrease in the tensile strength is attributed to the insertion of glycerol through the polymer chains and
increasing the free space and mobility of the polymers, hence observing the decrease of the mechanical strength of pectin films [25]. It
is a common observation that, addition of lower molecular weight plasticizers (like glycerol, sorbitol, polyethylene glycerol) in the
pectin film formation solution increases the chain segmental mobility. This leads to the reduction of the cohesion and firmness of the
pectin film, while improving its extensibility and flexibility (Biliaderis et al., 1999; Espitia et al., 2014). Incorporation of additives in
the pectin film formation solution also brings the variability in the barrier properties to the water vaper and aeroma compounds and
gases.

This result of the present study is in consistent with previous studies where the increase in glycerol concentration decreased the
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Fig. 1. Response surface plot for the effect of pectin and glycerol concentration on (a) Elongation at break, (b) Tensile strength, (c) Elastic modulus,
and (d) Opacity.
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Table 2

The measured mechanical properties of the pectin-based film prepared from different concentrations of pectin and glycerol.
S. No X1 X2 TS (MPa) EM (kg cm™) EAB (%) OP (Amm™ %)
1 3 15 5.59 640.35 22.21 7.23
2 5 15 6.42 690.12 28.23 9.32
3 3 25 4.00 607.013 26.5 10.25
4 5 25 4.81 645.23 26.2 15.21
5 3 20 4.75 625.32 25.23 8.96
6 5 20 5.21 670.36 27.23 13.68
7 4 15 7.001 670.12 28.5 10.23
8 4 25 5.08 630.25 28.5 13.65
9 4 20 5.90 643.63 29 12.23
10 4 20 6.12 645.56 29.5 12.9
11 4 20 6.01 650.29 28.99 12.36
12 4 20 6.02 650.0 29.11 12.21
13 4 20 6.03 651.01 28.26 12.45

X; = Pectin concentration (g); X2 = Glycerol concentration (%).
TS = Tensile strength; EM = Elastic modulus; EAB = Elongation at break; OP = Opacity.

Table 3
P- values obtained by the Analyze of Variance (ANOVA) of the film properties.
Model Tensile strength (MPa) Elastic modulus (kg em ™) Opacity (A mm™Y) Elongation at break (%)
X3 0.0029 <0.0001 0.0002 0.0006
Xa <0.0001 <0.0001 0.0001 0.0782
X1:Xo 0.9521 0.1142 0.0294 0.0006
X3 0.0002 0.4031 0.0070 0.0001
X% 0.2397 0.7607 0.0676 0.0909

X1 = Pectin concentration (g); X2 = Glycerol concentration (%).

edible films’ tensile strength. Nisar [26] reported the tensile strength of pectin film varied from 14.78 MPa to 3.78 MPa as pectin
concentration increased. Ahmadi [27] reported that psyllium hydrocolloid films’ strength decreased as the glycerol concentration
increased. Khairunnisa [28] reported that as the glycerol concentration increased from 3% to 90%, the tensile strength of the alginate
film decreased from 23.92 MPa to 4.73 MPa. As summarized in Table 4, previous studies also reported that addition of glycerol in film
forming solution influenceces the tensile strength of the pectin films.

3.1.2. The effect of parameters on elastic modulus

Elastic modulus denotes the stiffness of a film. The effect of pectin and glycerol concentration on elastic modulus is shown in
Fig. 1b. The elastic modulus of pectin films produced in this study are ranged from 607.01 to 690.12 kg cm ™! when pectin and glycerol
concentrations were varied (Table 2). The effect of the pectin and glycerol concentration on the elastic modulus of the pectin film
significantly (P < 0.05) affected all the tested models (Table 3).

The elastic modulus of the prepared film decreased as pectin concentration increased in the film-forming solution. As the pectin
concentration increased in the pectin film formulation, the brittleness of the films became stiffer. Previous authors reported similar
observations on the effects of pectin on the mechanical properties of polysaccharide-based gums [29]. This trend in the elastic modulus
of the pectin film may be attributed to the strong hydrogen bonds between starch and intermolecular hydrogen bonds dominated by
glycerol and pectin [14].

An increase in the glycerol concentration in the film-forming solution leads to a decrease in the elastic modulus of the pectin films.
This decreasing trend in the elastic modulus can be explained as microstructural changes due to the increased amorphous character
with an increasing glycerol concentration. However, insignificant improvement in elastic modulus was observed to reduce glycerol
concentration and produce a denser and more brittle pectin film. As reported in previous literature, plasticizers are intended to
decrease the intermolecular forces along polymer chains, imparting increased film flexibility while decreasing the barrier properties of
films [30]. The same is reported in different research findings, as Elina and Nora (2019) reported decreasing in the elastic modulus
value as isomalt concentration increased as plasticizers in pectin film [31]. However, the elastic modulus of the pectin film produced
from the Gamma-aminobutyric acid (5-15%) lower than the present study [32]. The summarized data presented in Table 4 showed
that, the addition of the additives and plasticizers influence the elastic modulus value of the prepared pectin films.

3.1.3. The effect of parameters on elongation at break of pectin film

Elongation at break is a critical attribute of food packaging films its measures its plasticity, indicates a film’s capacity to resist shape
changes without cracking [33]. Usually films with high tensile strength show low elongation at break [34]. The elongation at break
value of the pectin based film prepared in this study ranged 22.21-29.5%.

Fig. 1c shows the response surface graph predicting the effects of pectin and glycerol concentrations on elongation at break. It is
observed from this study that increased glycerol concentrations in film-forming solution could result in higher elongation at break
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(22.50-29.11%) values for the pectin-based edible film (Table 2). The ANOVA analysis showed that elongation at break is significantly
(P < 0.05) affected by the pectin and glycerol concentrations in all the studied terms (Table 3). The elongation at break results of the
pectin film agree with the finding reported by a previous study [35] that the effect of glycerol on the mechanical properties of pectin
film. Sartori [36] suggested the increase in elongation at break is due to the increased polymer chain mobility in the presence of
glycerol as pectin concentration increased the elongation of films enhanced and decreased at a high level of pectin. Hydrophilic regions
aggregate in the dehydrated condition and the absence of glycerol, generating hydrogen bonds that lower the amount of bound water.
These hydrophilic sites become available with the addition of glycerol, and a greater number of water molecules connect to these areas,
raising the network’s water content. Several result were reported similar result on the effect of pectin concentration on elongation at
break of film (Table 4).

3.1.4. The effect of parameters on the opacity of pectin film

Opacity indicates the transparency of a film; the higher opacity value of a film indicates lower transparency [37]. The transparency
of the film is important if the film is used as a superficial food coating or wrapping purpose. To modify the apperence properties
adjustment of color shade and the opacity is very important [38]. In this study, the opacity of the pectin film ranged from 6.03 to 14.09
(A mm™Y) (Table 3). This study’s opacity trends of the pectin film showed that the most transparent film was formed at the lowest
pectin concentration in the film-forming solutions. The pectin caused this effect by blocking light from passing through the film,
increasing the opacity [39]. Fig. 1d shows that the transparency of the film decreases as the concentration of pectin increases while the
opacity of the film increases.

Similarly, a higher concentration of glycerol reduced the transparency of the film. A similar trend was observed in a previous study
[40], where the concentration of glycerol reduced the transparency of a salep-based edible film. Increasing the solid content signif-
icantly increases film opacity, and an increase in opacity may be related to the polymer chain intervals and thickness. Increasing in dry
material increases the number of established bonds and thickness of the pectin film; this decreases the light penetration and reduces the
transparency [31]. The results showed that the pectin and glycerol content significantly affected the film’s opacity, as shown in
Table 3. The most transparent and effective film was made with low pectin and a medium glycerol average, which did not impact the
film’s other mechanical properties [36]. It is clearly evident from the summarized Table 4, that the variation in the pectin film forming
solution varied significantly influenced the transparency of the film.

Usually, the pectin films are transparent, as the additives are added the transparency of the films reported to be decreased. In
addition, opacity of the pectin film also influences the thickness. The pectin films with the lowest transparency are advantage in
packaging of photo oxidative sensitive food products [41]. The optical properties like opacity is an essential sensory parameter for the
edible coatings accepted by the consumers. The edible coatings are expected to be colorless and similar to the regular (polymeric)
packaging materials or close to the food color onto which are coated [42].

The regression models of the Tensile strength, Elastic Modulus, Elongation at Break and Opacity of the pectin-based edible film in
the present is presented in Table 5.

Table 4
The summery table on properties (Tensile strength; Elastic modulus; Elongation at break; Opacity) of the pectin based edible film reported by different
authors.

S. No Composition Properties of the pectin based edible film Reference
TS (MPa) EM (kg cm ™) EAB (%) OP (Amm™ ")
1 Pectin, Glycerol 4.00 to 7.001 607.013-670.36 22.21-29.5 7.23-15.21 Present study
2 Gamma-aminobutyric acid, Pectin 1.43 to 6.41 5.41 to 103.36 8.78 to 32.15 NR [43]
3 Glycerol, Poly Ethylene Glycol, Pectin 4.48 t0 69.33 6.1 to 3270 NR NR [14]
4 Pectin, Alginate 22.5t0 42.3 NR 5.9to 14.9 NR [4]
5 Pectin, Glycerol 8.9to 24.3 NR 49to12.4 NR [44]
6 Pectin, Zinc Oxide 14.3 to 22.7 NR 5.6 to 8.3 NR [45]
7 Citrus pectin, high amylose starch, Glycerin 34 to 270 170-760 1.2to >13 NR [46]
8 Pectin, gelatin 100.0 to 140.0 NR 17.8 to 21.88 NR [47]
9 Pectin, calcium ions, putrescine and spermidine 10 to 40 NR 2to 25 NR [48]
10 Pectin, chitosan glycerin 7.9to012.1 NR 109 to 263.2 NR [49]
11 Pectin, pomegranate juice and citric acid 1.82to 10.64 7.58 to 92.70 2.00-20.15 NR [50]
12 Pectin films, Copaiba oil 12.4 to 41.8 853 to 1589 1.7-2.4 NR [51]
13 Pectin, sage leaf extract 13.90 to 23.31 NR 15.82-18.82 NR [52]
14 Gelatin and pectin 8.22 to 21.59 0.28 to 0.5 151.57 to 159.1 NR [53]
15 Watermelon rind pectin, kiwifruit peel extract 21.65 to 42.30 NR 10.77 to 20.32 NR [54]
16 Pectin, Alginate, Whey Protein Concentrate 11 to 62 288 to 1467 16 to 40 2.9 to 6.0 [42]
17 Alginate and pectin 20 to 60 NR 6to 16 0.5 to 0.83 [55]
18 Fish gelatin, Orange peel pectin 6.23 to 10.25 6.23 to 14.36 1.09 to 1.57 [56]
19 Citrus pectin, clove bud essential oil 14.78 to 33.78 2.32 to 2.87 6.37 to 11.75 0.75 to 3.15 [26]
20 Apple pectin, chitosan 1.22 to 6.49 NR 22.09 to 43.77 1.64 to 10.82 [57]1

Where: TS = Tensile strength; EM = Elastic modulus; EAB = Elongation at break; OP = Opacity, NR = Not reported.
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Table 5

Regression model of the studied parameters of the pectin based edible film.
S. No Response Regression model R?
1 Tensile strength 5.96 + 0.35x7 — 0.85x2 — 0.005x1xs — 0.92x2 + 0.132x3 0.983
2 Elastic modulus 647.73 + 22.17x; — 19.68x2 0.981
3 Elongation at break 29.11 + 1.28X; + 0.37X, — 1.58X; X, — 2.81X3 — 0.4X3 0.985
4 Opacity 12,55+ 1.96X; + 2.05X> + 0.17X1 X5 — 1.31X? — 0.69X3 0.980

X; = Pectin concentration (g), X2 = Glycerol concentration (%).

3.2. Optimum conditions and model validation

Optimization of pectin film formulation was performed to achieve the best properties of pectin-based edible films formulated with
glycerol suitable for food packaging applications. Numerical optimization through the desirability function approach was applied to
estimate the composition of a film with optimal properties. The desirability function should be close to 1. The tensile strength of the
pectin-based edible film was considered maximum in optimizing the edible film as this property is very important to maintain integrity
during the food handling. At the same time, the strength of the pectin film is used to decide the desirability of elastic modulus in the
range. The opacity of pectin film should be minimized due to the more transparent film being selected for packaging purposes. Based
on the effect of independent variables (pectin and glycerol) on the responses (Tensile strength, Elastic modulus, Elongation at break,
and Opacity) of film, the optimal conditions for the formulation of this film were obtained as 4.5 g of pectin and 20.12% of glycerol,
with a desirability value of 0.967. The resulting film with the optimum concentration gives the pectin edible film with 5.84 MPa,
650.41 kg cm ™!, 22.21-29.5% and 10.91 A mm " for tensile strength, elastic modulus, elongation at break and opacity of film,
respectively (Table 6).

3.3. Model validation

The validation experiment was repeated three times, the deviation values were less than 5% for all parameters, and the model that
RSM obtained can be accepted and considered valid. The results show that this formulation can be applied to prepare the pectin film
with superior properties suitable for food packaging.

3.4. Thermogravimetric analysis of optimized film

Thermogravimetric analysis is essential for determining materials’ thermal properties, thermal degradation, and weight loss at
various temperatures. The derivative thermogravimetry (DTG) thermogram represents the derivative of the sample’s weight with
respect to temperature change and provides qualitative and quantitative information about the sample. The DTA curve is the first
derivation of the thermogravimetry (TG) curve, illustrating the degradation velocity [58].

The TG curve and derivative DTG curves of the optimal pectin film are shown in Fig. 2. The TGA of the best pectin films could be
divided into three major groups [58]. The first region (25-150 °C) corresponds to moisture vaporization. The second region
(250-400 °C) revealed a high amount of water loss. This water loss is due to polysaccharide decomposition, extensive thermal
decomposition followed by decarboxylation of the carbon ring, the evolution of numerous gaseous products, and the formation of solid
char [59]. The third region, between 400 and 800 °C, represents weight loss caused by the formation of partially destroyed solid char
stacks with polycyclic aromatic structures. Weight loss after 800 °C is caused by sample decomposition and leads to the release of
various gases. The Differential Thermal Analysis (DTA) curve of optimal pectin film in Fig. 2 also shows that thermal degradation
occurred at 400 °C, and the second peak was obtained at 600 °C, indicating polymer and plasticizer degradation. This result agreed
with the previous study reported by Kaya [60]. Kaya reported the thermal degradation of chitosan film as 29.19%.

Table 6
Predicted and experimental yield of pectin at optimum conditions of the film process.
Film Film Properties
composition
Pec. (8) Gly. TS (MPa) EM (kg em ™) EAB (%) OP (A
(%) mm ")
Pred. Obt. Pred. Obt. Pred. Obt. Pred. Obt.
4 20.12 5.844 + 5.95 + 654.82 + 654.82 + 29.26 + 29.69 + 13.39 + 12.84 +
0.15 0.1 3.20 2.23 0.021 0.01 0.23 0.32

All the values are Mean =+ SD of three observations.
TS = Tensile Strength; EM = Elastic Modulus; EAB = Elongation at Break, OP= Opacity, Pec. = Pectin Concentration, Gly = Glycerol Concentration,
Pred. = Predicted, Obt. = Obtained Value.
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Fig. 2. TGA of pectin-based edible biofilm produced from optimized concentrations of pectin and glycerol.

3.5. Fourier transform infrared (FTIR) analysis of the optimized film

An FTIR spectrum was carried out to study the interactions between the functional groups of the pectin film. The vibration fre-
quency shiftiness of the groups involved in hydrogen bonding due to changes in local electron density can indicate the chain in-
teractions between two polymers. Fig. 3 shows the pectin film’s distinctive peaks in the range of 4000-500 em!. The broadband
around 3291 cm ™! is possibly due to the stretching vibrations of intermolecular interactions through the O-H bonds among pectin
monomers. The bands at around 2931 cm ™! were attributed to the C-H stretching vibrations of methylene groups, the methyl group of
pectin polymer chains and the methyl group of the methyl ester [61-63]. The bands at 1715 and 1632 cm ™! are assigned to ester
stretching vibrations of the CO-CHj3 group and asymmetric stretching vibrations of carboxylate anion -COO ™, respectively, the similar
observations are reported in previous findings [14,58]. The bands observed at around 1037 cm ™! were assigned to C-O-C stretching
vibrations of the saccharide structure. Similar spectral features were observed in pectin and silver nanoparticle composite films studied
by previous findings [64]. The spectral differences observed between this film and the literature results could be due to the variations
in the film material used and the amount of glycerol used in film-forming solutions.

4. Conclusions

This study used the central composite design to optimize pectin and glycerol amounts for preparing the pectin-based edible film by
the solution casting method. In the study, pectin and glycerol concentrations significantly affected the prepared film’s tensile strength,
elastic modulus, elongation at break, and opacity. As the pectin concentration raised, the tensile strength and elongation at the break of
the pectin-based edible film increased. As the glycerol concentration increased reduction in the tensile strength of the prepared pectin-
based film was observed. The film’s opacity was reduced at higher concentrations of glycerol and negatively affected by pectin
concentration. The film developed at optimum pectin and glycerol (4 g and 20.12%) concentrations exhibited strong (high tensile
strength) and transparent edible film, which is acceptable. The optimum film showed good thermal properties. Therefore, the film
prepared from pectin with glycerol as the plasticizer agent should be considered for the preparation and can be used as good quality
food packaging materials. Further study is recommended to develop a pectin-based edible film with different reinforcement to increase
the film’s mechanical properties. Also, a study on the pectin-based edible films in controlling the bacterial and fungal growth in a part
of the packed food preservation should be carried. Further, this optimization study is the concentrations of the pectin and glycerol only,
however, there are many other additives influencing the properties of the films. Hence, further research also should carry on opti-
mization of pectin films with different additives.

Author contribution statement
Worku Abera Asfaw: Conceived and designed the experiment; Performed the experiments; Wrote the paper.

Kenenisa Dekeba Tafa: Performed the experiments; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Neela Satheesh: Conceived and designed the experiments; Analyzed and interpreted the data; Wrote the paper.



W.A. Asfaw et al. Heliyon 9 (2023) e13724

Transimmitance (%)

T T T T T
4000 3500 3000 2500 2000 1500 1000

Wave length (cm‘lj

Fig. 3. FTIR of pectin-based edible biofilm produced from optimized concentrations of pectin and glycerol.

Funding statement

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Data availability statement

Data included in article/supp. material/referenced in article.

Declaration of interest’s statement

The authors declare no competing interests.

Acknowledgments
The authors are grateful to the authorities of Wolkite university, Ethiopia, for providing the facilities for conducting this study.

References

[1] M. Pal, M. Devrani, A. Hadush, Recent developments in food packaging technologies recent developments in food packaging technologies, IOSR J. 46 (2019).

[2] M. Jahromi, M. Niakousari, M.T. Golmakani, M.A. Mohammadifar, Physicochemical and structural characterization of sodium caseinate based film-forming
solutions and edible films as affected by high methoxyl pectin, Int. J. Biol. Macromol. (2020), https://doi.org/10.1016/j.ijbiomac.2020.10.057.

[3] A.M. Youssef, S.M. El-sayed, Bionanocomposites materials for food packaging applications : concepts and future outlook, Carbohydr. Polym. 193 (2018) 19-27,
https://doi.org/10.1016/j.carbpol.2018.03.088.

[4] S. Galus, A. Lenart, Development and characterization of composite edible films based on sodium alginate and pectin, J. Food Eng. 115 (4) (2013) 459-465,
https://doi.org/10.1016/j.jfoodeng.2012.03.006.

[5] S. Hosseini, K. Parastouei, F. Khodaiyan, Simultaneous extraction optimization and characterization of pectin and phenolics from sour cherry pomace, Int. J.
Biol. Macromol. 158 (2020) 911-921, https://doi.org/10.1016/j.ijbiomac.2020.04.241.

[6] L.P.T. Quoc, et al., Extraction of pectin from pomelo (Citrus maxima) peels with the assistance of microwave and tartaric acid, Int. Food Res. J. 22 (4) (2015)
1637-1641.

[7] Z. Rahmani, F. Khodaiyan, M. Kazemi, A. Sharifan, Optimization of microwave-assisted extraction and structural characterization of pectin from sweet lemon
peel, Int. J. Biol. Macromol. 147 (2020) 1107-1115, https://doi.org/10.1016/j.ijbiomac.2019.10.079.

[8] A. Hossein Abbaszadeh, Pectin and galacturonic acid from citrus wastes Pectin and galacturonic acid from citrus wastes, Acknowledgement 7 (2009).

[9] S.S. Hosseini, F. Khodaiyan, M.S. Yarmand, Optimization of microwave assisted extraction of pectin from sour orange peel and its physicochemical properties,
Carbohydr. Polym. 140 (2016) 59-65, https://doi.org/10.1016/j.carbpol.2015.12.051.

[10] S. Thakur, J. Chaudhary, V. Kumar, V. Kumar, Progress in pectin based hydrogels for water purification : trends and challenges, J. Environ. Manag. 238 (2019)
210-223, https://doi.org/10.1016/j.jenvman.2019.03.002.

[11] R. Suhag, N. Kumar, A. Trajkovska, A. Upadhyay, Film formation and deposition methods of edible coating on food products : a review Food Research
International Film formation and deposition methods of edible coating on food products : a review, Food Res. Int. 136 (2020), 109582, https://doi.org/
10.1016/j.foodres.2020.109582.

[12] P.M.P. Di Pierro, L. Mariniello, C.V.L. Giosafatto, R. Porta, Solubility and Permeability Properties of Edible Pectin-Soy Flour Films Obtained in the Taylor, 2005,
pp. 37-41, https://doi.org/10.1081/FBT-200049059. February 2015.


http://refhub.elsevier.com/S2405-8440(23)00931-3/sref1
https://doi.org/10.1016/j.ijbiomac.2020.10.057
https://doi.org/10.1016/j.carbpol.2018.03.088
https://doi.org/10.1016/j.jfoodeng.2012.03.006
https://doi.org/10.1016/j.ijbiomac.2020.04.241
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref6
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref6
https://doi.org/10.1016/j.ijbiomac.2019.10.079
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref8
https://doi.org/10.1016/j.carbpol.2015.12.051
https://doi.org/10.1016/j.jenvman.2019.03.002
https://doi.org/10.1016/j.foodres.2020.109582
https://doi.org/10.1016/j.foodres.2020.109582
https://doi.org/10.1081/FBT-200049059

W.A.

[13]
[14]
[15]
[16]
[17]

[18]

[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[44]
[45]

[46]
[47]
[48]
[49]
[50]
[51]

[52]

Asfaw et al. Heliyon 9 (2023) e13724

A. Stefano, S. Salazar, P. Alejandra, S. Cavazos, H.M. Paz, A.V. Fragoso, External factors and nanoparticles effect on water vapor permeability of pectin-based
films, J. Food Eng. (2018), https://doi.org/10.1016/j.jfoodeng.2018.09.002.

S.D.P. Cabello, E.A. Takara, J. Marchese, N.A. Ochoa, Influence of plasticizers in pectin films: microstructural changes, Mater. Chem. Phys. (2015), https://doi.
org/10.1016/j.matchemphys.2015.06.019.

T.LS. Oliveira, et al., Pomegranate peel pectin films as affected by montmorillonite, Food Chem. 198 (2016) 107-112, https://doi.org/10.1016/j.
foodchem.2015.09.109.

K.S. Sandhu, L. Sharma, M. Kaur, R. Kaur, Physical, structural and thermal properties of composite edible films prepared from pearl millet starch and
carrageenan gum: process optimization using Response Surface Methodology, Int. J. Biol. Macromol. (2019), https://doi.org/10.1016/j.ijbiomac.2019.09.111.
R. Begum, M.G. Aziz, M.B. Uddin, Y.A. Yusof, Characterization of Jackfruit (Artocarpus heterophyllus) waste pectin as influenced by various extraction
conditions, Ital. Oral Surg. 2 (2014) 244-251, https://doi.org/10.1016/j.aaspro.2014.11.035.

E.E. Santos, R.C. Amaro, C.C.C. Bustamante, M.H.A. Guerra, L.C. Soares, R.E.S. Froes, Extraction of pectin from agroindustrial residue with an ecofriendly
solvent: use of FTIR and chemometrics to differentiate pectins according to degree of methyl esterification, Food Hydrocolloids 107 (2020), https://doi.org/
10.1016/j.foodhyd.2020.105921.

Y. Chen, L. Xu, Y. Wang, Z. Chen, M. Zhang, H. Chen, Characterization and functional properties of a pectin/tara gum based edible fi Im with ellagitannins from
the unripe fruits of Rubus chingii Hu, Food Chem. 325 (2020), 126964, https://doi.org/10.1016/j.foodchem.2020.126964.

T. Characterization, G. Costas, S. Christopher, S. Michael, B.Q. Vuong, Characterization of rice starch-i-carrageenan biodegradable edible film. Effect of stearic
acid on the film properties, Int. J. Biol. Macromol. (2016), https://doi.org/10.1016/j.ijbiomac.2016.09.053.

J. Meerasri, R. Sothornvit, Characterization of bioactive film from pectin incorporated with gamma-aminobutyric acid, Int. J. Biol. Macromol. 147 (2020)
1285-1293, https://doi.org/10.1016/j.ijbiomac.2019.10.094.

Douglas C. Montgomery, Design and Analysis of Experiments, John Wiley & Sons, New Jersey, USA, 2017.

N. Maftoonazad, H.S. Ramaswamy, M. Marcotte, Evaluation of Factors Affecting Barrier , Films Using Response Surface Methodology, vol. 30, 2006,

pp- 539-563. no. 2007.

W.X. Du, C.W. Olsen, R.J. Avena-Bustillos, M. Friedman, T.H. Mc Hugh, Physical and antibacterial properties of edible films formulated with apple skin
polyphenols, J .of Food Sci. 76 (2) (2011) 149-155, https://doi.org/10.1111/j.1750-3841.2010.02012.x.

L. Averous, N. Boquillon, Biocomposites Based on Plasticized Starch : Thermal and Mechanical Behaviours, vol. 56, 2004, pp. 111-122, https://doi.org/
10.1016/j.carbpol.2003.11.015.

T. Nisar, Z.C. Wang, X. Yang, Y. Tian, M. Igbal, Y. Guo, Characterization of citrus pectin films integrated with clove bud essential oil: physical, thermal, barrier,
antioxidant and antibacterial properties, Int. J. Biol. Macromol. 106 (2018) 670-680, https://doi.org/10.1016/j.ijbiomac.2017.08.068.

R. Ahmadi, A. Kalbasi-ashtari, A. Oromiehie, M. Yarmand, Development and characterization of a novel biodegradable edible film obtained from psyllium seed
(Plantago ovata Forsk), J. Food Eng. 109 (4) (2012) 745-751, https://doi.org/10.1016/j.jfoodeng.2011.11.010.

S. Khairunnisa, I. Rostini, The Effect of Glycerol Concentration as a Plasticizer on Edible Films Made from Alginate towards its Physical Characteristic, vol. 112,
2018, pp. 130-141.

J. Meerasri, R. Sothornvit, International Journal of Biological Macromolecules Characterization of bioactive film from pectin incorporated with gamma-
aminobutyric acid, Int. J. Biol. Macromol. 147 (2020) 1285-1293, https://doi.org/10.1016/j.ijbiomac.2019.10.094.

C. Gao, E. Pollet, L. Avérous, Properties of glycerol-plasticized alginate films obtained by thermo-mechanical mixing, Food Hydrocolloids 63 (2017) 414-420,
https://doi.org/10.1016/j.foodhyd.2016.09.023.

E. Matta, N. Bertola, Development and characterization of high methoxyl pectin film by using isomalt as plasticizer, J. Food Process. Preserv. 44 (8) (2020)
e14568-e14578, https://doi.org/10.1111/jfpp.14568.

J. Meerasri, R. Sothornvit, Characterization of bioactive film from pectin incorporated with gamma-aminobutyric acid, Int. J. Biol. Macromol. 147 (2020)
1285-1293, https://doi.org/10.1016/j.ijpiomac.2019.10.094.

N. Suderman, N. Mhd, Optimization of chicken skin gelatin film production with different glycerol concentrations by response surface methodology (RSM)
approach, J. Food Sci. Technol. (2019), https://doi.org/10.1007/s13197-019-04074-0.

S. Galusa, A. Lenar, Development and characterization of composite edible films based on sodium alginate and pectin Sabina, J. Food Eng. 115 (2013) 459-465,
https://doi.org/10.1016/j.jfoodeng.2012.03.006.

V. Costanza, L. Bonanomi, G. Moscato, L. Wang, Y.S. Choi, C. Daraio, Effect of glycerol on the mechanical and temperature-sensing properties of pectin films,
Appl. Phys. Lett. 115 (19) (2019), 193702, https://doi.org/10.1063/1.5121710.

T. Sartori, G. Feltre, P. Jose, R. Lopes, F. Cecilia, Properties of films produced from blends of pectin and gluten, Food Packag. Shelf Life 18 (2018) 221-229,
https://doi.org/10.1016/j.fpsl.2018.11.007.

M. Atef, M. Rezaei, R. Behrooz, International Journal of Biological Macromolecules Preparation and characterization agar-based nanocomposite film reinforced
by nanocrystalline cellulose, Int. J. Biol. Macromol. 70 (2014) 537-544, https://doi.org/10.1016/j.ijbiomac.2014.07.013.

N. Maftoonazad, H.S. Ramaswamy, M. Marcotte, Evaluation of factors affecting barrier, mechanical and optical properties of pectin-based films using response
surface methodology, J. Food Process. Eng. 30 (2007) 539-563, https://doi.org/10.1111/j.1745-4530.2007.00123.x.

M. Regina, E. César, C. Prentice, Food Hydrocolloids Physical , mechanical and antimicrobial properties of Argentine anchovy (Engraulis anchoita) protein films
incorporated with organic acids, Food Hydrocolloids 37 (2014) 213-220, https://doi.org/10.1016/j.foodhyd.2013.10.017.

M. Ekrami, Z. Emam-djomeh, Water Vapor Permeability, Optical and Mechanical Properties of Salep-Based Edible Film, vol. 38, 2014, pp. 1812-1820, https://
doi.org/10.1111/jfpp.12152.

J.F. Mendes, L.B. Norcino, A. Manrich, A.C.M. Pinheiro, J.E. Oliveira, L.H.C. Mattoso, Characterization of pectin films integrated with cocoa butter by
continuous casting: physical, thermal and barrier properties, J. Polym. Environ. 28 (2020) 2905-2917, https://doi.org/10.1007/510924-020-01829-1.

S.S.N. Chakravartula, M. Soccio, N. Lotti, F. Balestra, M. Dalla Rosa, V. Siracusa, Characterization of composite edible films based on pectin/alginate/whey
protein concentrate, Materials 12 (15) (2019) 2454, https://doi.org/10.3390/mal2152454.

J. Meerasri, R. Sothornvit, Characterization of bioactive film from pectin incorporated with gamma-aminobutyric acid, Int. J. Biol. Macromol. 147 (2020)
1285-1293, https://doi.org/10.1016/j.ijbiomac.2019.10.094.

S. Galus, P. Uchanski, A. Lenart, Colour, mechanical properties and water vapour permeability of pectin films, Acta Agrophys. 20 (3) (2013) 375-384.

K.D. Hari, C.V. Garcia, G.H. Shin, J.T. Kim, Improvement of the UV barrier and antibacterial properties of crosslinked pectin/zinc oxide bionanocomposite films,
Polymers 13 (15) (2021) 2403, https://doi.org/10.3390/polym13152403.

D.R. Coffin, M.L. Fishman, Physical and mechanical properties of highly plasticized pectin/starch films, J. Appl. Polymer. Sci. vl. 54 (9) (1994) 1311-1320,
https://doi.org/10.1002/app.1994.070540913.

C. Jo, H. Kang, N.Y. Lee, J.H. Kwon, M.W. Byun, Pectin-and gelatin-based film: effect of gamma irradiation on the mechanical properties and biodegradation,
Radiat. Phys. Chem. 72 (6) (2005) 745-750, https://doi.org/10.1016/j.radphyschem.2004.05.045.

M. Esposito, P. Di Pierro, C. Regalado-Gonzales, L. Mariniello, C.V.L. Giosafatto, R. Porta, Polyamines as new cationic plasticizers for pectin-based edible films,
Carbohydr. Polym. 153 (2016) 222-228, https://doi.org/10.1016/j.carbpol.2016.07.087.

P. Wang, P. Fei, C. Zhou, P. Hong, Stearic acid esterified pectin: preparation, characterization, and application in edible hydrophobic pectin/chitosan composite
films, Int. J. Biol. Macromol. 186 (2021) 528-534, https://doi.org/10.1016/j.ijbiomac.2021.06.030.

H.M. Azeredo, R. Morrugares-Carmona, N. Wellner, K. Cross, B. Bajka, K.W. Waldron, Development of pectin films with pomegranate juice and citric acid, Food
Chem. 198 (2016) 101-106, https://doi.org/10.1016/j.foodchem.2015.10.117.

L.B. Norcino, J.F. Mendes, C.V.L. Natarelli, A. Manrich, J.E. Oliveira, L.H.C. Mattoso, Pectin films loaded with copaiba oil nanoemulsions for potential use as
bio-based active packaging, Food Hydrocolloids 106 (2020), 105862, https://doi.org/10.1016/j.foodhyd.2020.105862.

H.S. Han, K.B. Song, Antioxidant activities of Mandarin (Citrus unshiu) peel pectin films containing sage (Salvia officinalis) leaf extract, Int. J. Food Sci. Technol.
55 (9) (2020) 3173-3181, https://doi.org/10.1111/ijfs.14581.

10


https://doi.org/10.1016/j.jfoodeng.2018.09.002
https://doi.org/10.1016/j.matchemphys.2015.06.019
https://doi.org/10.1016/j.matchemphys.2015.06.019
https://doi.org/10.1016/j.foodchem.2015.09.109
https://doi.org/10.1016/j.foodchem.2015.09.109
https://doi.org/10.1016/j.ijbiomac.2019.09.111
https://doi.org/10.1016/j.aaspro.2014.11.035
https://doi.org/10.1016/j.foodhyd.2020.105921
https://doi.org/10.1016/j.foodhyd.2020.105921
https://doi.org/10.1016/j.foodchem.2020.126964
https://doi.org/10.1016/j.ijbiomac.2016.09.053
https://doi.org/10.1016/j.ijbiomac.2019.10.094
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref22
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref23
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref23
https://doi.org/10.1111/j.1750-3841.2010.02012.x
https://doi.org/10.1016/j.carbpol.2003.11.015
https://doi.org/10.1016/j.carbpol.2003.11.015
https://doi.org/10.1016/j.ijbiomac.2017.08.068
https://doi.org/10.1016/j.jfoodeng.2011.11.010
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref28
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref28
https://doi.org/10.1016/j.ijbiomac.2019.10.094
https://doi.org/10.1016/j.foodhyd.2016.09.023
https://doi.org/10.1111/jfpp.14568
https://doi.org/10.1016/j.ijbiomac.2019.10.094
https://doi.org/10.1007/s13197-019-04074-0
https://doi.org/10.1016/j.jfoodeng.2012.03.006
https://doi.org/10.1063/1.5121710
https://doi.org/10.1016/j.fpsl.2018.11.007
https://doi.org/10.1016/j.ijbiomac.2014.07.013
https://doi.org/10.1111/j.1745-4530.2007.00123.x
https://doi.org/10.1016/j.foodhyd.2013.10.017
https://doi.org/10.1111/jfpp.12152
https://doi.org/10.1111/jfpp.12152
https://doi.org/10.1007/s10924-020-01829-1
https://doi.org/10.3390/ma12152454
https://doi.org/10.1016/j.ijbiomac.2019.10.094
http://refhub.elsevier.com/S2405-8440(23)00931-3/sref44
https://doi.org/10.3390/polym13152403
https://doi.org/10.1002/app.1994.070540913
https://doi.org/10.1016/j.radphyschem.2004.05.045
https://doi.org/10.1016/j.carbpol.2016.07.087
https://doi.org/10.1016/j.ijbiomac.2021.06.030
https://doi.org/10.1016/j.foodchem.2015.10.117
https://doi.org/10.1016/j.foodhyd.2020.105862
https://doi.org/10.1111/ijfs.14581

W.A.

[53]
[54]
[55]
[56]
[571
[58]
[59]
[60]
[61]
[62]
[63]

[64]

Asfaw et al. Heliyon 9 (2023) e13724

S. Farris, K.M. Schaich, L. Liu, L. Piergiovanni, K.L. Yam, Development of polyion-complex hydrogels as an alternative approach for the production of bio-based
polymers for food packaging applications: a review, Trends Food Sci. Technol. 20 (8) (2009) 316-332, https://doi.org/10.1016/].tifs.2009.04.003.

H.S. Han, K.B. Song, Antioxidant properties of watermelon (Citrullus lanatus) rind pectin films containing kiwifruit (Actinidia chinensis) peel extract and their
application as chicken thigh packaging, Food Packag. Shelf Life 28 (2021), 100636, https://doi.org/10.1016/].fpsl.2021.100636.

D. Shahrampour, M. Khomeiri, S.M.A. Razavi, M. Kashiri, Development and characterization of alginate/pectin edible films containing Lactobacillus plantarum
KMC 45, LWT-Food Sci. Technol. 118 (2020), 108758, https://doi.org/10.1016/j.1wt.2019.108758.

M. Jridi, O. Abdelhedi, A. Salem, H. Kechaou, M. Nasri, Y. Menchari, Physicochemical, antioxidant and antibacterial properties of fish gelatin-based edible films
enriched with orange peel pectin: wrapping application, Food Hydrocolloids 103 (2020), 105688, https://doi.org/10.1016/j.foodhyd.2020.105688.

H.G. Younis, G. Zhao, Physicochemical properties of the edible films from the blends of high methoxyl apple pectin and chitosan, Int. J. Biol. Acromol. 131
(2019) 1057-1066, https://doi.org/10.1016/].ijbiomac.2019.03.096.

S. Shivangi, D. Dorairaj, P. Singh, N.P. Shetty, Development and characterisation of a pectin-based edible film that contains mulberry leaf extract and its bio-
active components, Food Hydrocolloids 121 (3) (2021), 107046, https://doi.org/10.1016/j.foodhyd.2021.107046.

L. Chen, Z. Li, X. Feng, Development and characterization of bacterial cellulose reinforced, Int. J. Biol. Macromol. (2016), https://doi.org/10.1016/j.
ijbiomac.2016.11.106.

M. Kaya, S. Khadem, S. Cakmak, M. Mujtaba, Antioxidative and Antimicrobial Edible Chitosan Films Blended with Stem, Leaf and Seed Extracts of Pistacia
Terebinthus for Active Food Packaging, vol. 8, 2018, pp. 3941-3950, https://doi.org/10.1039/C7RA12070B.

A. Nesi¢, J. Ruzié¢, M. Gordié, S. Ostoji¢, D. Mici¢, A. Onjia, Pectin-polyvinylpyrrolidone films: a sustainable approach to the development of biobased packaging
materials, Compos. B Eng. 110 (2017) 56-61, https://doi.org/10.1016/j.compositesb.2016.11.016.

J.F. Mendes, A. Carla, M. Pinheiro, J. Elvis, Photodegradation of Pectin Film Reinforced with Malt Bagasse Fibers by Continuous Casting, 2020, pp. 1-13,
https://doi.org/10.1002/app.49178. August 2019.

A. Ne, J. Ru, M. Gordi, S. Ostoji, D. Mici, A. Onjia, Pectin-polyvinylpyrrolidone Fi Lms : A Sustainable Approach to the Development of Biobased Packaging
Materials, vol. 110, 2017, pp. 56-61, https://doi.org/10.1016/j.compositesb.2016.11.016.

S. Shankar, N. Tanomrod, S. Rawdkuen, J.W. Rhim, Preparation of pectin/silver nanoparticles composite films with UV-light barrier and properties, Int. J. Biol.
Macromol. 92 (2016) 842-849, https://doi.org/10.1016/j.ijbiomac.2016.07.107.

11


https://doi.org/10.1016/j.tifs.2009.04.003
https://doi.org/10.1016/j.fpsl.2021.100636
https://doi.org/10.1016/j.lwt.2019.108758
https://doi.org/10.1016/j.foodhyd.2020.105688
https://doi.org/10.1016/j.ijbiomac.2019.03.096
https://doi.org/10.1016/j.foodhyd.2021.107046
https://doi.org/10.1016/j.ijbiomac.2016.11.106
https://doi.org/10.1016/j.ijbiomac.2016.11.106
https://doi.org/10.1039/C7RA12070B
https://doi.org/10.1016/j.compositesb.2016.11.016
https://doi.org/10.1002/app.49178
https://doi.org/10.1016/j.compositesb.2016.11.016
https://doi.org/10.1016/j.ijbiomac.2016.07.107

	Optimization of citron peel pectin and glycerol concentration in the production of edible film using response surface metho ...
	1 Introduction
	2 Materials and methods
	2.1 Raw materials procurements
	2.2 Microwave-assisted pectin extraction
	2.3 Experimental design
	2.4 Preparation of edible film
	2.5 Determination of mechanical properties of pectin films
	2.6 Determination of the opacity of pectin films
	2.7 Characterization of optimized pectin film
	2.7.1 Thermogravimetric analysis
	2.7.2 Fourier transform infrared spectroscopy analysis
	2.7.3 Statistical Analysis and model fitting


	3 Result and discussion
	3.1 The interaction effect of parameters on mechanical properties
	3.1.1 The effect of parameters on tensile strength
	3.1.2 The effect of parameters on elastic modulus
	3.1.3 The effect of parameters on elongation at break of pectin film
	3.1.4 The effect of parameters on the opacity of pectin film

	3.2 Optimum conditions and model validation
	3.3 Model validation
	3.4 Thermogravimetric analysis of optimized film
	3.5 Fourier transform infrared (FTIR) analysis of the optimized film

	4 Conclusions
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Acknowledgments
	References


