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Background

Films based on gelatin can be useful for pharmaceutical and food packaging, but
they have some drawbacks.

Objective

In this study, we aimed to evaluate three series of edible composite films based on
gelatin for pharmaceutical and food packaging.

Materials and methods

Three series of composite films based on gelatin were prepared by blending with
three different polysaccharides, xanthan, hydroxyethyl methyl cellulose (HEMC),
and hydroxypropyl methylcellulose (HPMC). Film composites were prepared by
solution casting with glycerol (30% weight). Burst strength, mechanical, contact
angel, water vapour permeability rate (WVPR), and air permeability test were tested
for the three series of composite films. The antibacterial activity of the produced
sheets against Gram-positive bacteria B. mycoides, a nonfilamentous fungus
called C. albicans, and Gram-negative bacteria E. coli was examined.

Results

This work reports the successful preparation of stand-alone natural antimicrobial
edible composite films with excellent mechanical properties. The addition of HPMC
and HEMC had enhanced the thermal stability of gelatin-xanthan composite films.
Mechanical properties; tensile strength and elongation percent were investigated.
The results showed that the addition of 0.1% of HEMP and HPMC to
gelatin—xanthan composite enhanced the elongation% to equal 59.33% and
25.33%, respectively, while the tensile values were 5.570 and 6.617 mPa,
respectively. Xanthan addition had improved the antibacterial activity of gelatin
films. The results showed that the different composite series have varying relative
effects on microbial development effectiveness.

Conclusion

According to the results, these composite films can be considered as promising
natural active edible packaging materials.
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Introduction

Natural edible films have been emerged as an eftective

life extension. Moreover, gelatin acts as protecting food

films against light and oxygen exposure [5]. It has been

way to extend shelf life and protect food from harmful
environmental effects. Additionally, natural edible
films can be used to deliver bioactive compounds such
as antioxidants, antimicrobials, flavors, and probiotics
[1,2]. As a result of global environmental awareness,
research into friendly packaging has gained traction [3].
Therefore, the development of new biodegradable
polymeric materials has gained great interest [4].
Among all, natural polymers have received more
attention. Availability and biodegradability are two
characteristics ~ that make  natural  polymers
advantageous over synthetic polymers.

The good film-forming ability of gelatin makes it an

ideal packaging material for food protection or shelf-
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reported that the addition of gelatin with
carboxymethylcellulose (CMC) shows a good
improvement in mechanical and physical properties
as well as in air permeability [6]. Gelatin, the
natural hydrocolloid polymer, is produced by
hydrolysis of collagen from bones, skin or connective
tissue [7]. It is a combination of peptides and proteins.
It is extensively utilized in biodegradable films because
of good emulsifying and gas barrier properties [7].
Gelatin-based films are commonly developed by
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solution casting [8]. However, due to gelatin high
water solubility, the use of neat gelatin is limited. It
is possible to enhance gelatin based films by blending
one or more polymers [6,8-10]. Studies demonstrate
that adding carboxymethyl cellulose or xanthan gum to
gelatin improves its properties as a film material [11].
Another example, gelatin and sodium alginate were
used as bio-based packaging composite and the extract
of green tea as active agent [12]. Another research
reported the mixing of gelatin with chitosan that shows
a decrease of solubility and an increase of surface

hydrophobicity [7].

Xanthan is biopolymer obtained from the bacteria
Xanthomonas campestris [13]. This biopolymer has a
unique structure consists of (1/4)-p-D-glucose units as
the main chain with a trisaccharide side chains at every
second unit (Scheme 2). This side chains containing
D-glucurunic acid units surrounded by two D-
mannoses [14,15]. Xanthan outstanding properties,
counting solubility in water, affordability, and
biocompatibility, have made it the highest anionic
natural  heteropolysaccharide applied in  the
pharmaceutical and food industry. For instance,
xanthane was used for the preparation of cryogels
that possess antioxidant and antimicrobial activity
[16]. Another research prepare a edible blend films
of xanthan and curdlan [14] to enhance the poor
mechanical characteristics of xanthan [17,18]. Also,
edible films were prepared from a blend of xanthan,

curdlan and gelatin polymers [19].

Hydroxyethyl methylcellulose (HEMC) is a viscous
soluble fibre that is frequently used in the food,
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cosmetics, and pharmaceutical sectors as a
thickening and gelling agent [20]. According to Su
et al. study, HEMC has a feature of preventing and

treatment of high fat diet-induced hyperlipidemia [21].

Because of hydroxypropyl methyl cellulose (HPMC)
environmental attractiveness, low cost, elasticity, and
transparency, it has been considered as a promising
polymer in the food industry [22]. It is a derivative of
cellulose where some of the hydroxyl groups were
substituted by hydroxypropyl groups. Because of its
biocompatibility, and nontoxicity, HPMC has been
approved as Generally Recognized as Safe (GRAS)
for food by Food and Drug Administration (FDA)
[23]. Moreover, HPMC’s forming gas barrier and
tasteless have made it an excellent natural polymer
in many applications. For example, HPMC were
incorporated with xanthan gum to enhance shelf

life of banana [24].

Herein, the study describes the successful preparation
of new three groups of edible composite films based on
gelatin that was blended with xanthan, hydroxyl
methyl cellulose and hydroxyl propyl cellulose. To
the best of our knowledge, preparation of these
green composite films has not been reported. The
aim of this study is to improve gelatin film’s biological
properties along with exhibiting good mechanical
properties. The possibility of their potential
application as edible packaging materials was
carried out by studying of physicochemical
properties including air permeability, burst strength,
the thermal stability, surface morphology, and
mechanical properties.
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Materials and methods

Materials

Gelatin was purchased from a local company (El-Nasr
Pharma Chem. Co.). Xanthan (XA), hydroxyethyl
methylcellulose (HEMC), hydroxypropyl methyl
cellulose (HPMC) and glycerol were purchased from
Merck.

Preparation of blend solution for the composite films

Gelatin (G) and Xanthan (XA) were dissolved
separately in distilled water by 2% and 5%,
respectively, and then, they were heated at 60°C.
Films with different ratios of gelatin to XA were
prepared; 1 0.08, 1 0.16, 1 0.25 w/w,
respectively. In another experiment, HEMC and
HPMC were dissolved in distilled water and added
in ratios as represented in Table 2 with respect to XA
(Scheme 1). All the prepared solution contained 30%
glycerol as plasticizer. Then, the composite films were
dried at 40°C in an oven for 12 h with circulating air.

Physicochemical properties of the prepared films
Thickness

Thickness of the prepared sheets (3x3cm) was
measured using a digital micrometer (Mitutoyo,
model C112EXB, USA, accuracy 0.001 mm). For
each sample, 10 separate sites were measured. The
findings were presented as the sample’s average value
and standard deviation [25].

(Sum of measured values)

Thickness =
ickness 10

Attenuated total reflectance-Fourier transform infrared
spectroscopy

(Bruker VERTEX 80, Germany) combined platinum
diamond ATR was used for recording ATR-FTIR
data. The frequency range was 400-4000 cm™ with

. 1
a resolution of 4 cm™".

Thermal analysis

Thermal gravimetric analysis (TGA)

The composite film samples were examined using
thermal gravimetric (TGA) apparatus (Shimadzu
TGA-50). Under inert nitrogen atmosphere, the
temperature was raised from 0 to 1000°C at a
heating rate of 10°C/min.

Differential scanning calorimetry (DSC)

To determine the glass transition temperature (Tg),
differential scanning calorimetry (DSC) was used. The
analysis was performed in a temperature range 0 to
170°C at a rate of 10°C/min.

Morphology analysis prepared

Scanning electron microscopy (SEM) (JEOL Model
JSM-T20) was used to study the morphology of the
prepared films.

Mechanical properties

Mechanical properties of the films were studied by
measuring the tensile using the Zwick/Roell machine
(Germany). Dumbbell shape strips of 1.5 cm width and

8 cm length were used for the tensile measurements at a



crosshead speed of 2mm/min at 25°C. The results
were averaged of three replicates measurement of each
sample.

Burst strength

Burst strength was investigated using TAPPI Standard
test method 403 om-97 using Mullen (Perkins,
Chicopee, MA, USA).

The contact angles
The contact angles were estimated by analyzing the
images of water drop of 10 pl by Image J1.52h, USA

program.

Air permeability test

BENDTSEN, Smoothness and Porosity Tester
(Model 5, No. 11772, Andersson and Sorensen,
Copenhagen), was used for studying air permeability.

Water vapor permeability rate (WVPR)

The WVPR (g/mzh) of films was detected using the
ASTM standard E96- 95 (ASTM Standards, 1995b)
with a modification [26,27]. Film specimens were
mounted on glass vials containing a predetermined
weight of distilled water (RH =100%). These vials
were located in a chamber at 25°C and RH =50%.
Every day, the vials weights were recorded for a total of
8 days.

Microbiological analyses

Microorganisms and media

In order to assess the antibacterial efficacy of the
produced sheets, Gram positive and negative bacterial
strains (Bacillus mycoides and Escherichia coli), and a
nonfilamentous fungus strain (Candida albicans) were
utilized to exhibit various microbial populations. The
three microorganisms were grown on slants of modified
nutritional agar medium (g/L), containing the following
ingredients: Peptone, 3, Yeast Extract, 1.5, Meat
Extract, 1.5, Glucose, 0.5, NaCl, 0.25, and Agar, 20.0
at pH 7.0. After having fully grown, the inoculated
microbial culture was preserved at 4°C in agar slants.
The used microbial strains were seeded and cultivated at
37°C on nutritional agar medium (70148 Nutrient Agar,
Fluka, Spain) with the following components (g/L):
Yeast extract, 2.0; peptone, 5.0; sodium chloride, 5.0;
and agar, 15.0. Meat extract, 1.0. In order to make a
nutrient agar medium, 28 g of the ready medium was
suspended in 1.0 L of distilled water, and the pH level
was then adjusted to 7.0. Then, it was heated until it was
entirely dissolved. Afterward, it was autoclaved for
20min at 121°C with 1.5 atmospheres to sanitize
them [28,29]. The used compounds were of high
purity and analytical grade.
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Agar diffusion technique for measuring antibacterial
activity

To test the produced sheets’ efficacy as antimicrobial
agents, microbial cultures were seeded in nutritional
agar medium (70148 Nutrient Agar, Fluka) using 100 pLL
(1x10” CFU) of overnight re-suspended culture as
follows: After incorporating the designated microbial
inoculums into the melted medium at around 45°C,
the nutrient agar medium was then poured into a series
of Petri dishes. Plates were allowed to harden at room
temperature before discs (15 mm) from ready-made films
were adhered to the infected agar plates’ surface. These
plates were cultured overnight at 37°C, and the generated
inhibitory zones were evaluated [30-32].

Results and discussion

IR analysis

The spectrum of gelatin showed in Figure la. Very
strong, broad peaks were observed at of 3281.94 cm™
and 3080 cm ™', which are assigned to O-H stretch and
N-H vibration. The Amide I peak at 1632.89 is related

Figure 1
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to C=0 stretch and N-H bond bending. Amide II
band in the region of 1550-1400 emlis assigned to the
deformation of N-H bonds [33].

Due to stretching vibrations of the O-H group, the
xanthan (Fig. 1b) had a broad peak at 3300.70 cm ™.
Another peak at 1719.35 cm™ is caused by C=0
stretching vibrations. Peaks at 1602.14 cm™' and
1406.80 cm™ are caused by asymmetrical and
symmetrical vibrations of COO™ groups, respectively

[34].

HPMC is functionally very similar to hydroxyethyl
methylcellulose (HEMC). Both HEMC and HPMC
are methylcellulose derivatives with ethyl and propyl
group replacements, respectively [21]. Fig. le—g shows
the composite spectra. The broadness of the (OH)
band observed in the 3000-3500 cm™ region
designates the presence of free hydroxyl groups and
numerous of hydrogen bonded (O-H) stretching
vibration. These individual bands observed at 2921
and 2880 cm™ result from antisymmetric and
symmetric stretching bands of the CH, groups,
respectively. In Figure 1, the peak intensities and
positions of the bands, as well as the appearance of
new overlapping between bands, are the only
differences apparent between composite samples and
pure gelatin.

Thermal analysis

TGA analysis was performed on samples XAGHEP 6
and XAGHEP 9 to evaluate the effect of adding 0.3%
of HEMC and HPMC, respectively, to gelatin-
xanthan composite film (Table 2). Two major
phases were detected in the samples based on these
thermograms. The first phase, which occurs between

Figure 2
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25 and 150°C, may be associated with residual water
The
responsible for the second phase of the thermal
process, which occurs between 250 and 400°C. This
includes thermal decomposition of glycerol, the main
backbone of xanthan, as well as gelatin protein

components [12] (Fig. 2).

volatilization. heating  decomposition is

Figure 2 shows that the thermal stability of XAGHEP
9 is better than XAGHEP 6. The decomposition
started at 317°C for XAGHEP 9, whereas
XAGHEP 6 decomposition started at 254.25°C.
The residual weight percentages at 500°C were
47.09 and 50.8% for XAGHEP 6 and XAGHEP 9,
respectively. Compared with pure gelatin films,
XAGHEP 6 and XAGHEP 9 possess a high
residual weight percentage at 500°C.

Differential scanning calorimetry (DSC)

In terms of material properties, the glass transition
temperature (Tg) is of particular importance in
polymer manufacturing processes as well as quality
control in food and pharmaceutical industry [35].

Figure 3
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Below Tg, the molecular mobility is frozen and the
elastomer becomes rigid and glassy. Therefore (Tg) is
the temperature at which molecular mobility begins to
take place. Figure 3 illustrates the DSC curves of
XAGHEP 6, XAGHEP 9 and XAGHEP 10. It
reveals that the thermal transitions were varied in
the range from room temperature up to 450°C. The
maximum peaks, Tg, were obtained at 93.4 and
84.17°C for XAGHEP 6 and XAGHEP 9,
respectively, whereas for pure gelatin (XAGHEP 10)
was observed at 62.9°C. After Tg peaks, endothermic
peaks were observed for XAGHEP 6, XAGHEP 9 and
XAGHEP 10 as a result of the ordered triple helical
structure of gelatin chains. There is an exothermic peak
tound in DSC of pure gelatin at 296.2°C which is

attributed to intermolecular side chain breaking down

Table 1 Thermal analysis of the prepared films
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[36]. Table 1 summarizes glass temperatures and the
variations of enthalpy (AH), energy released or
absorbed during the phase transition, of pure gelatin
and the composite samples.

Morphological study

Figure 4 shows SEM images of the surface the gelatin
composite films. Figure 4a represents the surface
morphology of the pure gelatin film as flat and
dense surface with some protrusions. As shown in
Figure 4b the addition of xanthane improves the
surface appearance. It shows a smooth flat surface
with no protrusions or pits. Mainly, this behavior is
likely attributed to polysaccharides ability to change the
protein surface through inhibition of protein network

structure [7]. Both XAGHEP 3 and XAGHEP 6

Thermogravimetric analysis

Differential scanning
calorimetric analysis

First peak Maximum peak Glass Transition
Sample Onset (°C) Offset (°C) Max (°C) Onset (°C) Offset (°C) Max (°C) Tg (°C) AH (J/g)
XAGHEP 6 36.61 150.38 96.59 194.14 356.50 254.14 93.07 151.07
XAGHEP 9 31.50 138.60 87.66 276.21 356.47 317.06 84.17 259.47
XAGHEP 10 43.00 144.6 90.00 316.46 338.27 325.36 62.91 460.31

Table 2 Composition a mechanical properties of the prepared films

Sample GELATIN %w/v  XANTHAN % w/v  HEMC % w/v  HPMC % w/v  Thickness (mm) Elongation % Air permeability
(ml/sec)

XAGHEP 1 1.2 0.1 0 0 0.15 13.00 Nil
XAGHEP 2 1.2 0.2 0 0 0.15 14.67 Nil
XAGHEP 3 1.2 0.3 0 0 0.15 15.00 Nil
XAGHEP 4 1.2 0.2 0.1 0 0.15 25.33 Nil
XAGHEP 5 1.2 0.2 0.2 0 0.15 50.00 Nil
XAGHEP 6 1.2 0.2 0.3 0 0.15 31.00 Nil
XAGHEP 7 1.2 0.2 0 0.1 0.15 59.33 Nil
XAGHEP 8 1.2 0.2 0 0.2 0.15 14.33 Nil
XAGHEP 9 1.2 0.2 0 0.3 0.15 19.00 Nil
XAGHEP 10 1.2 0 0 0 0.15 293.33 Nil
Figure 4

SEM images of composite film (a) XAGHEP 10, (b) XAGHEP 3 and (c) XAGHEP 6 with X300 magnification.
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(Fig. 4b and ¢) composite films shows a smooth,
homogenous and flat appearance refering to the

good compatibility between polymer blends.

Mechanical properties

Film elongation investigation is aimed to measure the
competency of samples to resist changes of shape with
crack-free.

By adding different ratios of xanthan, a decrease in
elongation percentage and tensile value (Table 2 and
Fig. 5) compared with the blank gelatin film was
observed. This may attributed to the reduction of
the movement of the gelatin chains due to physical
crosslinking (electrostatic attraction) [13].

According to Table 2 and Figure 5, an improvement in
elongation percentage and tensile value is shown by the
addition of HEMC to gelatin-xanthan composite. The
same behavior was observed when HPMC incorporated
in gelatin-xanthan composite. Nevertheless, the results
(Table 2 and Fig. 5) showed a better performance of
HEMC compared with HPMC.

Air permeability

Air permeability is an important parameter in
packaging. It illustrates the resistance of the film to
gas flow. Table 2 showed the effect of film composition
on an air permeability property. No air permeability
was observed for all gelatin—xanthan samples because of
the good interaction between gelatin and xanthan
through electrostatic  attraction and hydrogen
bonding [5]. This performance did not change by
incorporation of either HEMC or HPMC.

Figure 5
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Burst strength

This test evaluates the tolerance of packaging film to
withstand internal pressurization until it bursts. The
results (Fig. 6) show that the composite that contained
0.2% of HEMC is better than the other ratios of
HEMC.

Figure 6 shows that the bursting strength increased
with increasing HPMC content in gelatin—xanthan
composite. The highest bursting strength was
achieved for sample XAGHEP 9 where the
gelatin—xanthan composite is blended with 0.3%

HPMC.

The contact angle

Despite the benefits of the hydrophilic character of
gelatin in many applications [9,10,37], in packaging
applications, it is essential to suppress the
hydrophilicity of the polymeric material to improve
food shelf life [13].

Hydrophobic and hydrophilic surfaces can be
determined by computing the contact angle of water
droplets. Generally, the substrate is termed
hydrophobic when the angle between the material
surface and the droplet surface extends from 90°

[38].

Figure 7 shows the effect of the film compositions on
the contact angle. All samples show a hydrophilic
character which is attributed to the abundance of
hydroxyl and amino groups in composit films.

However, XAGHEP 3 and XAGHEP 9 had a

much higher contact angle, 86° and 86.25°,

Figure 6
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Figure 8
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respectively, compared with pure gelatin (82.9°).
Electrostatic attraction between gelatin and xanthan
and hydrogen bonding may have contributed to this
improvement [12].

Water vapor permeability rate

The water vapor permeability rate was evaluated by
observing the loss of weight against time. The linear
regression of the sample curves was used to determine
the slope in g/h. The water vapour permeability rate
was calculated using the following equation [26,27],

slope

filmarea (m?)

Figure 8 shows the effect of the film composition on
WVPR of the prepared films. The pure gelatin film had
WVPR of 61.04 g/m>h. A slight increase of WVPR had
been observed by adding xanthan, except for the sample
XAGHEP 2 where WVPR equals 58.39 g/m*h. The
addition of HEMC to gelatin—xanthan composite had
decreases WVPR of the samples XAGHEP4 and
XAGHEPS, but increasing HEMC  content
(XAGHEP 6) leads to a higher value of WVPR.
Compared with gelatin—xanthan composite, the
WVPR  values declined along with increasing the
HPMC content in the film. This behavior may be a
result of good compatibility between HPMC and the two
main components of the composite due to the strong
hydrogen bonds between HPMC and gelatin—xanthan

composite and the good moisture barrier properties of

HPMC [39].

WVPR =

Antimicrobial activity

Agar diffusion technique for measuring antibacterial activity
The antibacterial activity of the produced sheets
against Gram-positive bacteria B. mycoides, a non-
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filamentous fungus called C. albicans, and Gram-
negative bacteria E. co/i was examined in the current
work. The growth inhibition zone surrounding the
discs was measured and converted into millimeters
to evaluate the antibacterial activity. The findings
were listed in Table 3 which shows how effective
various produced sheets are as antibacterial agents.
The results show that various forms of treatments
and mixing percentages have various relative impacts
on the effectiveness towards microbial development,
and which was discovered to be dependent on the
contents proportions. In this regard, sample 2
demonstrated the highest
antibacterial activity against E. co/i (36 mm), whereas

Gram-negative

sample 9 demonstrated the highest antimicrobial
activities as a function of inhibition zone diameter
against B. mycoides (31 mm) as a Gram-negative
bacteria and against C. albicans (35mm) as a
nonfilamentous fungus. The strongest antibacterial
activity of the studied samples was demonstrated in
this respect against E. co/i, in contrast to that observed
against B. mycoides and C. albicans. Sample 10 had no
antibacterial effects on any of the tested
microorganisms (Table 3). Sample 10 (without
xanthan) had no antibacterial effects on any of the
tested microorganisms (Table 3), which declares the
efficiency of xanthan as a bioactive compound. Many
factors, including the presence of hydroxyl groups, the
amount of unmethylated uronic acid (Scheme 2), the
percentage of glucose, viscosity, solubility rate,
configuration changes, molecular size, surface area,
and others, can affect the antibacterial activity of
polysaccharides, which  demonstrated effective
bactericidal activity against a wide range of gram-
negative and gram-positive bacterial infections [40].
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Table 3 Assessment of antibacterial activity of prepared films using the agar diffusion method

Inhibition zone *(mm)

XAGHEP GELATIN % XANTHAN % HEMC % HPMC % E. coli B.mycoides C.albicans
1 1.2 0.1 0 0 30 15 15
2 1.2 0.2 0 0 36 15 15
3 1.2 0.3 0 0 35 30 15
4 1.2 0.2 0.1 0 35 30 19
5 1.2 0.2 0.2 0 35 28 19
6 1.2 0.2 0.3 0 N.D. N.D. N.D.
7 1.2 0.2 0 0.1 35 26 0
8 1.2 0.2 0 0.2 32 24 20
9 1.2 0.2 0 0.3 33 31 35
10 1.2 0 0 0 0 0 0

One hundred micro-liters (1x10” CFU) of overnight re-suspended culture were used to seed microbial cultures in nutritional agar medium.
On the surface of the infected agar plates, 15-mm discs from pre-made films were adhered. Culture plates were incubated at 37 °C for an

overnight period, and the inhibitory zones produced were assessed.

In this regard, a xanthan-oligosaccharide exhibited
antibacterial efficacy against S. awreus, according to
Wang er al [41], with an inhibitory zone of
33.51 mm. They showed that xanthan’s mechanism
of action on §. awureus indicated that it not only
influenced cell membrane permeability but also
prevented the growth of biofilms and hindered Ca®
*-Mg?®*-ATPase activity on the cytomembrane of the
pathogen [41].

Conclusion

Three groups of green biopolymer films were
successfully prepared based on gelatin. Xanthane was
incorporated in three different ratios with gelatin, then
the optimum ratio was further modified by two
cellulose derivatives, HEMC and HPMC. The
prepared films were characterized by AT-IR, thermal
and differential  scanning
calorimetry. The composite films show different
behaviour through mechanical properties, burst
strength, ~water vapor permeability rate, air
permeability tests. The addition of HEMC and
HPMC has improved the mechanical, moisture
barrier properties and thermal stability of gelatin-
xanthan composites. However, the thermal stability
XAGHEP 9 (0.3 of HPMC) is better than
XAGHEP 6 (0.3 of HMEC). The residual weight
percentages at 500°C were 47.09 and 50.8% for
XAGHEP 6 and XAGHEP 9, respectively, which
were higher than pure gelatin film. Finally, these
improvements showed that the addition of xanthan;
hydroxyethyl methyl cellulose (HEMC), and hydroxyl
propylmethyl cellulose (HPMC) to gelatin film
enhanced its properties. The addition of xanthan to
gelatin had a great impact to improve gelatin
antibacterial activity. The antibacterial study of the
composite films showed the potentiality of these
natural composites to be used as edible active packaging.

gravimetric  analysis
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