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ABSTRACT. Globally produced food products spoil before they reach consumers. Therefore, active biodegradable packaging
is needed to overcome cases of global environmental pollution due to plastic waste, and it is hoped that it can keep food
products from reaching the sales stage. Gelatin (G), is one of the potential edible film raw materials. However, its weak
water barrier and mechanical properties have limited its wide application. The combination of zinc oxide nanoparticles
(ZnONP) and chitosan nanofiber (CHNF) is anticipated to enhance the G film's mechanical and barrier characteristics as
well as provide antioxidant and antibacterial capabilities. Characterization results using FTIR, SEM, and DSC showed good
compatibility between the G, CHNF, and ZnONP matrixes. The results of the packaging tests revealed that composite films

based on gelatin, CHNF, and ZnONP showed potential as a functional material for food packaging.
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INTRODUCTION

Food and Agriculture Organization (FAO) research
indicates that 14% of food products produced globally
are harmed before being sold (Susmitha et al., 2021).
Short shelf life due to the susceptibility of dairy
products to microbial contamination even before
consumption is one of the main problems that trigger
waste. The delicious taste and content of several
intrinsic nutrients make cheese one of everyday life's
most consumed food products. However, during
storage and production of the cheese, pathogenic
Staphylococcus aureus and Listeria monocytogenes
might proliferate (Lin et al., 2019). As a solution,
packaging that can enhance cheese's shelf life is used.
Most food packaging comes from synthetic plastics,
which do not biodegrade in nature. The intensive
production, application, disposal, and stockpiling of
this packaging significantly negatively impacts society
and the environment (Liu et al.,, 2020). Thus, it's
essential to create biopolymer packaging that is
affordable, biodegradable, renewable, accessible in
nature, and environmentally benign (Lin et al., 2019).

Gelatin (G) is a potential biopolymer for the
creation of biodegradable packaging due to its
availability, biodegradability, excellent oxygen barrier
capability, low gelling and melting temperatures, and

ability to act as a functional agent carrier (Amjadi et
al., 2019; Bahar et al., 2020; Kusumawati et al.,
2019; Bahar et al., 2018; Bahar et al., 2019).
However, due to gelatin's poor water barrier
characteristics and low mechanical strength, its usage
in food packaging has been restricted (Quero et al.,
2018). This issue has been resolved by modifying a
number of processes, such as adding nanoparticles to
increase mechanical resistance, employing a variety of
chemicals to improve barrier qualities, and using the
antioxidant and antibacterial properties of the
biopolymers (Amjadi et al., 2019).

Chitosan (CH) biopolymer, like gelatin, can be
employed in the creation of food packaging because
of its biocompatibility and low toxicity (Davoodi et al.,
2020). Due to their high surface area to volume ratio
and excellent mechanical strength when combined
with other polymers, chitosan nanofibers (CHNF) are
the most prominent of their physical forms. In order to
strengthen the mechanical resistance of gelatin
packaging while decreasing WVP (Water Vapor
Permeability), which is the capacity of an edible film to
tolerate the rate of water vapor passing through it,
chitosan nanofibers (CHNF) may be added.

The G-CHNF film's antioxidant and antibacterial
activity is anticipated to be enhanced with the inclusion
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of zinc oxide nanoparticles, generating an active
package that can offer the best defense against the
propagation of the virus. Yadav et al. (2021) reported
zinc oxide nanoparticles' (ZnONPs) all-around
antibacterial efficacy (Yadav et al., 2021). These
nanoparticles also possess improved photocatalytic
properties, a higher surface-to-volume ratio, surface
reactivity, and antioxidant activity in addition to being
more stable and non-toxic (Kamdem et al., 2019). The
United States has given its approval for ZnONP to be
used in pharmaceuticals, cosmetics, and food
packaging. This method requires the development and
characterization of edible gelatin/chitosan  film
composites containing zinc oxide nanoparticles for
food protection.

EXPERIMENTAL SECTION
Materials

The materials and their specifications used in this
study were gelatin from commercial cowhide (gel
strength 225 g bloom, type-B), CH;COOH 2%,
CHNF, and ZnONP. ZnONPs powder (95% of the
particles had a mean diameter of 20-30 nm) was
purchased from Peter ShiZengou Farm-Reaching
Biochemical Co. (Jiangsu, China). For the
antimicrobial test, Mueller-Hinton agar (Sigma-
Aldrich, Singapore) nutrient broth media (Millipore,
Singapore) Staphylococcus aureus (ATCC®12600TM,
IBRC), Escherichia coli (ATCC®8739TM, IBRC), and
Pseudomonas aeruginosa (ATCC®10145TM, IBRC).
Preparation of Composite Films

The casting knife technique was used to create films
with different thicknesses (0.8-1.2 mm) of G, G.CHNF,
G.ZnONPs, and G.CHNF.ZnONPs. The 4% (w/v)
gelatin solution was stirred using a hot plate magnetic
stirrer (45 2C; 30 minutes). In a different place, the
CHNF solution was prepared with a composition of
10% by weight of dry gelatin, dissolved in 2% acetic
acid, and stirred (50 °C; 120 minutes), while the
ZnONP solution was prepared with a composition of
5% by weight of dry gelatin, dissolved in 2% acetate
acid and stirred (100; 360 min). Glycerol plasticizer
prepared with a composition of 25% by weight of dry
gelatin, dispersed in a 4% gelatin  solution
supplemented with previously prepared CHNF,
ZnONP, and CHNF-ZnONP (1:1) solutions, then
stirred (25 °C; 60 min). To ensure that the film solution
was free of air bubbles, the films were degassed by
ultrasound at 30 °C for 30 minutes. The film solution
was then applied to a 14 X 14 c¢m acrylic plate and
allowed to air dry for 72 hours at room temperature.
The dried films were kept in a desiccator for 72 hours
at 25 °C and 50% relative humidity before testing
(Amijadi et al., 2019).
Film Characterization

The structural interactions of the films were
evaluated using Perkin Elmer Spectrum Two FTIR
spectroscopy (China). FEI Inspect-S50 SEM (Canada)
was used to assess the films' morphology, surface, and

cross-section. In particular, cross-sectional films were
fabricated using  Mikrotomy  Microm, HM315
(Germany). The Linseis STA PT 1600 DSC (Germany)
assessed the film's thermal stability between 20 and
300 °C. The mechanical parameters of the film were
tested using an autograph, AG-10TE (Japan). Water
absorption was evaluated based on the Amjadi (2019)
method (Amjadi et al., 2019). The film's water vapor
permeability was assessed using the ASTM E96-05
standard procedure (ASTM, 2005). Transparency and
light transmittance, as well as the film color
parameters (CieLab coordinates), such as brightness
(L*), reddish/greenish (a*), and yellowish/bluish (b*),
were measured with a Shimadzu UV-2401-PC
spectrophotometer  (Japan).  The  antibacterial
effectiveness of the movie was evaluated using the
agar diffusion method.

RESULTS AND DISCUSSION
Fourier Transform Infra-Red

The Fourier Transform Infrared method was used
to assess the structural interactions of the films. All
composite films in Figure 1 showed similar specific
peaks: 1) the amide-A band at 3283.99 - 3289.17
cm™! which also indicates a secondary amine group;
and 2) the amide-B band at 2936.40 - 2937.38 cm™'.
Amide-l, amide-ll, and amide-IIl have distinct peaks at
1629.54 - 1633.88 cm™'; 1538.64 - 1547.98 cm™;
1238.38 - 1239.40 cm’', respectively, these peaks are
likewise present in all films. The creation of cross-links
between the peptide chains is indicated by the amide-
| and amide-Il bands. Amidate-Ill band, meanwhile,
demonstrates the protein's capacity to preserve the
triple helix complex (Cai et al., 2019).

The addition of CHNF causes a change in
wavenumber specifically in the amide-A, amide-I,
amide-Il, and amide-lll bands as a result of the
formation of intramolecular hydrogen bonds in chitin
during electrospinning. The creation of hydrogen
bonds between the N-H groups of gelatin and
ZnONPs results in a shift that is also brought on by the
presence of ZnONPs. The incorporation of CHNF and
ZnONPs also causes a shift in the G.CHNF.ZnONPs
film due to the interaction between -OH, -COOH, and
-NH; groups combine with -COO, -OH, and -NH,
groups in CHNF and Zn%* in ZnONPs (Ge, et al.,
2018).

All nanocomposite films also showed interactions
with glycerol, which were observed at 1033.92 cm™!
(G); 1033.29 cm?' (G.CHNF); 1032.28 cm
(G.ZnONPs); and 1032.40 cm™ (G.CHNF.ZnONPs).
In particular, the amide-A band saw a wavenumber
shift when the G.CHNF.ZnONPs nanocomposite film's
thickness changed (Figure 2). The amide-A band was
measured at 3287.26 cm-1 at a thickness of 1.0 mm,
and at 3286.50 cm-1 at a thickness of 1.4 mm. This
change is a result of the molecules of chitin and
gelatin forming hydrogen bonds with one another (Ge
et al., 2018).
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Figure 2. The infrared spectrum of G.CHNF.ZnONPs film with various casting thicknesses: 1.0 mm

(b) and 1.4 mm (d)

Scanning Electron Microscopy

The Scanning Microscopy (SEM) outcomess of G,
G.CHNF, GZnOPs, and G.CHNF.ZnONP are shown
in Figure 3. According to the SEM results, the G film's
surface seems to be uneven and to have pores and
cracks in it. In addition, the filamentous structure of
CHNF, which was introduced, caused substantial
changes in the interconnected pore microstructure.
Demonstrate how the porous structure makes it easier
for ZnONP to connect to the film matrix, increasing
density and compactness while decreasing porosity,
cracking, and improving mechanical and thermal
stability while also boosting water barrier qualities.

Film thickness was also detected to affect the
morphology of the G.CHNF.ZnONPs nanocomposite
films (Figure 4). An increase in the cast thickness
causes an increase in the availability of solids thereby
increasing the density and compactness of the film
matrix, (Ansari et al., 2018). In the work by Li et al.
(2021), it was found that the surface roughness of
polyethylene terephthalate (PET) optical films
gradually decreased with an increase in coating
thickness. Figure 4 shows how the increased
smoothness of the film's surface corresponds to the
incremental cast thickness.
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G.ZnONPs .

| &

Figure 4. SEM images of the G.CHNF.ZnONPs film with variations in casting thicknesses: 1.0 mm
(b) (50.000x magnification), and 1.4 mm (d) (80.000x magnification)

Differential Scanning Calorimetry

Results of Differential Scanning Calorimetry (DSC)
tests on G, G.CHNF, GZnOPs, and G.CHNF.ZnONP
are shown in Figure 5. DSC results show that the
thermal analysis showed the appearance of two sharp
endothermic peaks from the G film, namely at 124.05
°C which corresponded to the water vapor evaporation
and the amino acid-rich region devitrification, and at
222.65 °C which corresponded to the imino-acid-rich
region (proline and hydroxyproline) devitrification. The
shift of the first (to 139.35 °C) and the second
endothermic peak (to 213.45 °C) of the G.CHNF film
were associated with increased evaporation of
moisture content and decomposition of nanofiber,
respectively (Ebrahimi, et al., 2019). A further shift was
observed in the G.ZnONP film, where the first
endothermic peak shifted to 174.55 °C and the

second to 224.85 °C. Compared to the other three
films, the most distant shift of the two endothermic
peaks of the G.CHNF.ZnONP film, i.e. 185.55 for the
first peak and 236.15 °C for the second showed a
synergistic effect of CHNF, ZnONPs, and gelatin
increasing the gelatin chain sequence and film
crystallinity (Boura-Theodoridou et al., 2020).

Research by Zhang and Wang (2017), the heat
resistance of the film was found to increase as one
increases film thickness. The displacement of the first
endothermic peak to 185.55 °C and the second peak
to 236.15 °C in a G.CHNF.ZnONPs film with a 1.4
mm thickness in contrast to the 1.0 mm thickness is
shown in Figure 6. The increase in thickness causes the
formation of more crystal structures in the gelatin-
CHNF nanocomposite film, one of which is due to
CHNF nucleation (Wang et al., 2021).
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Figure 6. DSC spectrum G.CHNF.ZnONPs film with variations in casting thickness: 1.0

mm (b); and 1.4 mm (d)

Thickness and Mechanical Properties

Figure 7 shows an increase in film thickness after
adding ZnONPs and a decrease in film thickness after
adding CHNF. The existence of interconnected pores
after the addition of CHNF allows the entry of ZnONPs
info the polymer matrix, resulting in a thinner
G.CHNF.ZnONP film than G.ZnONP. Film thickness
was also found to increase with increasing casting
thickness. The larger the volume of the casting
solution, the more total solids in the cast area and the
higher the thickness of the resulting film (Hari, et al.,
2021). By examining the parameters of Young's
modulus (YM), tensile strength (UTS), and elongation
(ETB), which are shown in Figure 8, the mechanical
characteristics of the film were assessed. Figure 8
shows the higher UTS and YM of G.ZnONPs films than
those of G films. The interaction in the matrix and
mechanical characteristics of the film are improved by

dispersion of ZNONP particles. On the other hand, the
decrease in free volume between polymer chains due
to ZnONP dispersion caused the polymer network to
be less permeable, resulting in a decrease in ETB from
0.081 to 0.009% (Nandiwilastio et al., 2019). In line
with this, the increase in crystallinity due to the
formation of interconnected pore networks by CHNF
created stronger interfacial interactions, thereby
increasing UTS by 73.21% and YM by 80.33% of
G.CHNF films. The presence of hydrogen bonds
between chains further strengthens mechanical
stability. The addition of CHNF also caused a decrease
in ETB by 0.032% in the G.CHNF film. The increase in
intermolecular and intramolecular interactions in the
matrix after the addition of CHNF and ZnONP
simultaneously resulted in lower flexibility and mobility
of polymer segments compared to G.CHNF films (Al.-
Tayyar et al., 2020).
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Figure 9. Film mechanical properties with variation in casting thickness

The thickness of the film also affects the mechanical
characteristics of the nanocomposite film (Wafi, et al.,
2020). The rise in UTS as film thickness increases is
strongly proportional to molecular weight. The closer
the distance between the molecules, the stronger the
interactions. This condition creates an increase in UTS
while decreasing ETB. The influence of thickness on
G.CHNF.ZnONP mechanical characteristics film is
shown in Figure 9.

Barrier Properties

Water absorption and water vapor permeability
(WVP), two crucial characteristics, are frequently
examined in studies of moisture transport. The
moisture absorption and water permeability values
after 96 hours of conditioning at 99% RH of the
nanocomposite are shown in Figure 10. Despite the
fact that G.CHNF and G films of the same thickness
did not show any statistically significant difference
(p>0.05), the percentage of water absorption in G
films showed an upward trend. The percentage of
water absorption in the G film decreased significantly
(p<0.05) after ZnNONP was added, peaking after
CHNF and ZnONP were included. Increased cross-link
formation due to The combination of both lowers the
polymer chain's mobility.

The water vapor permeability (WVP) of the film
showed the same pattern as the percentage of water
absorption. In contrast to the effect of adding CHNF,
hydrogen bonds formed between gelatin-ZnONP
caused a decrease in free hydrophilicity, thereby
reducing the WVP value of G.ZnONP films. The lowest
WVP value was produced by G.CHNF.ZnONP film.
These results indicate a more significant effect of
adding ZnONP than CHNF on decreasing WVP
(Soradech et al., 2017). The decrease in gelatin chain
mobility resulted in a reduction in WVP characteristics
while concurrently increasing the water barrier film.

Research by Rudakova et al. (2021) said that the
more hydrophilic the film is, the thicker the TiO; layer.
The fact that the hydrophilic nature of the film matrix
largely determines WVP. The increase in thickness
produces strain, which makes the matrix more brittle
and prone to cracking. Under these conditions, water
vapor flows faster through the resulting crack (Cai et
al., 2020).

Transparency

Transparency is an important metric  for
determining the quality of packing materials and
their capacity to filter UV radiation, which causes
food product quality to deteriorate due to spoilage.
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Figure 11b shows the transparency values for each
film. Although not significant (p>0.05), G.CHNF film
was found to have lower transparency than G film. The
CHNEF filament structure causes a decrease in light
scattering on the CHNF-gelatin surface (Chen, et al.,
2018). The dense and complex structure of ZnONP in
the matrix further decreases light scattering and
increases film opacity (Ngo, et al., 2018). The
combination of CHNF and ZnONP made the
G.CNF.The ZnONP film less clear than any other G
film in this study. The G film, whether it had CHNF and
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ZnONP or not, or both, was also less clear than some
common packaging materials, such as LDPE (which
had a transparency value of 4.26) and strained
polypropylene. (transparency value 1.57). Thickness
also has the same effect on film transmission.
Increasing the thickness will increase the number of
layers formed, thereby reducing light transmission.
The more layers of atoms that make up the film will
trigger an intensification of the collision with the light
particles, thus creating a significant barrier to
transmission into the package (Roy & Rhim, 2021).
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Color Properties

The color characteristic of the film has a significant
impact on the look of the packaging as well as
consumer acceptance of the product. The color
properties parameters (L*, o*, b*, E, WI, and YI) like
the film that is shown at Table 1. High collagen content
causes the G film to have a clear color (Yusof & Zain,
2019). A decrease in the L* the value of G films was
detected after CHNF addition. The CHNF filament
structure reduces light scattering on the CHNF-gelatin
surface, resulting in a decrease in transparency and L*
value (Chen et al.,, 2018). Adding ZnONPs caused
another noticeable drop (p < 0.05) in transparency
and L* value, The light transmission is blocked by the
thick and intricate structure of ZnONPs (Al-Tayyar et
al., 2020).

G.CHNF film produced lower a* and higher b*
values than G film, 0.26 and -0.34, respectively. This
value indicates a greenish or reddish color tendency in
the G.CHNF film. These results are related to the
presence  of  1-4  linked-2-amino-2-deoxy-D-
glucopyranose in CHNF (Yusof & Zain, 2019).
G.ZnONPs films showed similar results, with lower ao*
and much higher b* values than G films, 0.18 and -
0.008, respectively. Thus, the G.ZnONPs films tend to
have a bluish or yellowish color. The highest decrease
in L* and o* values were obtained after the addition of
CHNF and ZnONPs. The addition of both has an
impact on increasing the b* value of the
G.CHNF.ZnONPs film.

Table 2. displays how the color properties of
G.CHNF.ZnONPs films change with the casting
thickness. The L* and a* values of the film decrease as
casting thickness increases. On the other hand,
increasing casting thickness was found to increase the
b* value. The tendency for reddish and dark hues to
appear hinders visible light penetration through the

Asrul Bahar, et al.

film surface. Thus, the nutrition, color, and taste of
packaged food products can be maintained (Kan et
al., 2019).

Antibacterial Activity

The film’s capacity to prevent and stop bacteria
from spreading in food products that are wrapped was
tested by an antibacterial activity analysis. The
diameter of the film inhibitory zone for each bacteria
is provided in Tables 3-5. G Film did not exhibit an
inhibitory zone against the three test microorganisms.
In contrast, G.CHNF films exhibited antibacterial
activity as did G.ZnONP. However, G.ZnONPs films
were much more effective in killing gram-positive
bacteria than gram-negative bacteria. An outer
membrane that blocks reactive oxygen species (ROS)
makes gram-negative bacteria more resistant to ROS
than gram-positive bacteria (Babaei-Ghazvini et al.,
2021). With a different mechanism, the positively
charged glucosamine amine group (NHs3*) in CHNF
will interact with the negatively charged outer
membrane resulting in a pore that causes damage to
intracellular components and causes bacterial cell
death (Shankar et al., 2017).

G.CHNF.ZnONPs  film showed the highest
antibacterial activity. The combined effect of CHNF
and ZnONPs creates both types of bacteria that are
beneficial to its antibacterial action (Amjadi et al.,
2019). The casting thickness was found to increase the
G.CHNF.ZnONP film's antibacterial activity. The
increase in the availability of ROS, which results from
the reaction of Zn?* with oxygen, as the film thickness
increases, accelerates the death of bacterial cells
(Kumar et al., 2020). The increase in thickness also
causes an increase in porosity which intensifies the
increased intracellular component leakage, resulting
in cell death (Kravanija et al., 2019).

Table 1. Film color properties with the variation in composition

Parameter of Film’s Color Properties

Sample L* o* b* YI Wi AE

G 101.25  0.38 -0.41 0.54 99.06 9.31
G.CHNF 101.04  0.26 -0.34 0.37 99.37 8.34
G.ZnONPs 99.47 0.18 -0.01 0.26 99.84 3.64
G.CHNF.ZnONPs 97.08 0.02 0.70 0.03 95.49 1.15

AE: total color difference, WI: whiteness indices, and YI: yellowness indices
Data were expressed as mean +47.05 standard deviation

Table 2. Film color properties with variation of casting thickness

Casting Thickness

Parameter of Film’s Color Properties

Sample (mm) L* o* b* v] Wi AE
- 0.8 9739 007 019 110 9657 1.79
CHIE. 1.0 9726 005 021 007 9622  1.80
7 ONPe 1.2 9717 003 07 004 9575  1.10
1.4 9708 002 07 003 9549 115

Data were expressed as mean +46.26 standard deviation

347



Molekul, Vol. 18. No. 3, November 2023: 339 — 350

Table 3. Inhibition zone of the edible packaging components against bacteria

Inhibition Zone (mm)

Component Staphylococcus aureus Escherichia coli Pseudomonas aeruginosa
CHNF 15.50 18.06 16.53
ZnONPs 19.43 17.20 16.30

Data were expressed as mean = 1.40 standard deviation (n=3)

Table 4. Antibacterial activity with a variation in composition

Inhibition Zone (mm)

Staphylococcus aureus

Escherichia coli Pseudomonas aeruginosa

Sample Iz KA K(+)  IZ K K(+) Iz K K(+)
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)  (mm)
G - - -
G.CHNF 9.18 11.49 13.70 11.68 10.19
G.ZnONPs 12.65 1138 780 1107 4543 859 958
G.CHNF.ZnONP  14.63 12.30 11.15

Data were expressed as mean +1.68 standard deviation (n=3)

Table 5. Antibacterial activity of G.CHNF.ZnONP film with variations in cast thickness

Inhibition Zone (mm)

Tﬁ; i::ags Staphylococcus aureus Escherichia coli Pseudomonas aeruginosa
(mm) 1Z K(-) K (+) 1z K(-) K (+) 1z K(-) K (+)
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)  (mm)

0.8 11.15 9.66 8.38

1.0 12.28 10.51 9.29
12 13.34 11.49 | 13.70 10.99 9.80 11.07 9.60 8.59 9.58

1.4 14.63 l 12.30 11.15

Data were expressed as mean +1.78 standard deviation (n=3)
CONCLUSIONS ACKNOWLEDGMENTS

Gelatin-based nanocomposites containing CHNF
and ZnONP have been prepared and characterized.
Changes in the morphology of the G film were
detected on SEM images with the addition of CHNF
and  ZnONP.  Chitosan  nanofibers  create
inferconnected pore structures, while the presence of
ZnONP suppresses the volume of free space in the
gelatin matrix. As a result, the gelatin matrix's increase
in density and compactness and the formation of a less
permeable structure resulted in a G/CHNF/ZnONP
film with the best mechanical and barrier properties.
G/CHNF/ZnONP nanocomposites were also found to
have the highest antibacterial activity compared to
other films. In addition, the farthest shift was from the
two endothermic peaks of the G.CHNF.ZnONP film,
indicating a synergistic effect of CHNF, ZnONPs, and
gelatin that increased the order of the gelatin chains.
and film crystallinity. The film becomes more resistant
to heat when the casting thickness is increased. The
combination of CHNF and ZnONP had a synergistic
impact, resulting in the greatest decrease in G.CNF
transparency. This special characteristic enables
G/CHNF/ZnONP films to enhance food freshness and
prolong storage time, making them potential for
packaging applications that require improved food
quality and extended shelf life.

The author is grateful to the Ministry of Education,
Culture, Research, and Technology of the Indonesian
Republic for funding this work through the Applied
Research Grant program.
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