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Abstract

The food packaging industry has shown increasing attention toward biodegradable active packaging because of consumer
demand for the extended shelf life of food products, as well as environmental concerns. In this study, the gelatin-based nano-
composite containing chitosan nanofiber (CHINF) and ZnO nanoparticles (ZnONPs) were fabricated and characterized by SEM
analysis. The fabricated nanocomposite film revealed high antibacterial activity against foodborne pathogenic bacteria. To assess
the efficiency of this bionanocomposite film for food packaging, chicken fillet and cheese was selected as food models. The
results showed that the wrapping with nanocomposite film significantly (p < 0.05) decreased the growth of inoculation bacteria in
chicken fillet and cheese samples. The changes in pH values and color parameters in chicken fillet and cheese samples were
controlled by wrapping with nanocomposite film during storage time. At the end of 12-day storage, the weight loss of the
wrapped chicken fillet and cheese samples with nanocomposite were 18.91 +1.96 and 36.11 +3.74%, respectively. In addition,
the organoleptic characteristics of wrapped chicken fillet and cheese samples with nanocomposite film were acceptable until the
end of storage. In conclusion, the fabricated nanocomposite can be suggested as a suitable packaging material for poultry meat

and cheese to improve their shelf life and quality.
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Introduction

Microbial contamination is one of the most common draw-
backs in the food industry especially in meat and dairy prod-
ucts because of quality deterioration and reduced shelf life of
these products (Clarke et al. 2016). Among the meat products,
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poultry meat is the most favorite one because of its high nu-
tritional value, low-fat content, and low cost (Azlin-hasim
et al. 2016). Despite all the mentioned benefits, the poultry
meat is a susceptible product for growth of spoilage and path-
ogenic microorganisms because of its inherent properties such
as protein and moisture content and high pH value (Giteru
et al. 2017; Konuk Takma and Korel 2018). In addition,
cheese is a nutritious and popular dairy product that is favored
by different groups of consumers (Youssef et al. 2016).
However, cheese is prone to microbial spoilage during storage
that limits the shelf life of this dairy product (Tsiraki and
Savvaidis 2013). In this regard, several attempts have been
made to develop various physical and chemical preservation
methods to reduce microbial contamination and improve the
shelf life of these food products (Medeiros et al. 2014).
Antimicrobial active packaging is an alternative new technol-
ogy for preserving the quality and safety of food products,
which is often achieved by incorporation of antimicrobial
agents into the packaging system (Arfat et al. 2015). The ap-
plication of organic antibacterial agents is limited for active

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11947-019-02286-y&domain=pdf
mailto:l.roufegari@iaut.ac.ir
mailto:Hamishehkar.hamed@gmail.com
mailto:hamishehkarh@tbzmed.ac.ir

1206

Food Bioprocess Technol (2019) 12:1205-1219

packaging due to their low heat stability. In contrast, inorganic
metallic nanoparticles (NPs) as antibacterial agents are suit-
able for application in active packaging because of their prop-
erties such as high heat stability, high surface to volume ratio,
and high surface reactivity (Amna et al. 2013). Zinc oxide
nanoparticles (ZnONPs) are interesting antibacterial agents
in food and medical fields and reveal high antimicrobial ac-
tivity in a board spectrum of microorganisms (Espitia et al.
2012). Moreover, these NPs are approved by the Food and
Drug Administration (FDA) and generally recognized as safe
(GRAS) (Noshirvani et al. 2017). In the previous studies, the
use of ZnONPs in active packaging films and its effect on the
physical and antimicrobial properties of these films have been
investigated (Arfat et al. 2015; Meng et al. 2014; Sahraee et al.
2017a). In response to consumers’ demand for nutritive,
healthy food products, and environmental concerns, the food
packaging industry has shown growing attention to biode-
gradable packaging prepared from a variety of biopolymers
such as polysaccharides, lipids, and proteins or their combi-
nations (Enrione et al. 2012; Feng et al. 2016). Among the
biopolymers, gelatin is widely used in the biodegradable pack-
aging because of its high film-forming ability, biodegradabil-
ity, low gelling and melting point, and low cost (Amjadi et al.
2019a; Crizel et al. 2018). However, gelatin has some draw-
backs for application in food packaging such as poor water
barrier and mechanical properties (Sahraee et al. 2017a). To
overcome these restrictions, the use of nanoreinforcements
and preparation of nanocomposites are offered (Voon et al.
2012; Farshchi et al. 2019). Chitosan nanofiber (CHINF) is
a suitable nanoreinforcement for combination with the most of
biopolymers by homogeneously dispersing in their matrices
(Almasi et al. 2018). Additionally, CHINF provides a good
barrier and transparency properties, high specific surface
areas, low thermal expansion coefficient, and controlled re-
lease of additives in biodegradable films (Arkoun et al.
2018). The previous studies have fabricated the nanocompos-
ite films such as gelatin nanocomposite films containing chitin
and ZnONPs (Sahraee et al. 2017a), fish protein isolate/fish
skin gelatin-ZnONPs nanocomposite (Arfat et al. 2015), silver
nanoparticles/polyvinyl chloride nanocomposite (Azlin-hasim
et al. 2016), and alginate/lysozyme nanolaminate film
(Medeiros et al. 2014) for packaging of food productions such
as poultry meat and cheese. To the best of our knowledge, no
study has been conducted on the use of CHNF and ZnONPs in
the fabrication of gelatin-based nanocomposite and this nano-
composite has not been considered for packaging of food
products. The present study was conducted because of the
following three reasons: (1) ZnONPs have the antimicrobial
effect leading improved physical properties and barrier prop-
erties. (2) They enhance the physical properties of nanocom-
posite and synergistic effects on antimicrobial properties. (3)
Gelatine has the film-forming ability and the biocompatibility
of gelatin. Hence, this research was conducted to prepare
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gelatin-based nanocomposite containing CHNF and
ZnONPs and assess the efficacy of this nanocomposite for
improving the shelf life of chicken fillet and evaluate the
physicochemical and sensory properties of white cheese dur-
ing storage based on some microbial tests.

Materials and Methods
Materials

Gelatin (99.9% purity), glycerol (99.5% <purity), and
ethanol (97% purity) were obtained from Merck
Chemicals Co, Germany. ZnONP powder (average par-
ticle diameter of about 30 nm, 99.8% purity) were pur-
chased from Iranian Nanomaterials Pioneers Co, Iran.
CHINF (average diameter about 28 nm, average length
about 2-3 m, 99% purity) was procured from Nano
Novin Polymer Co, Iran. For antibacterial tests, Baird-
Parker agar, eosin methylene blue agar (EMB),
cetrimide fusidin cephaloridine agar, and Mueller-
Hinton agar were obtained from Sigma-Aldrich, USA.
Staphylococcus aureus (ATCC® 12600™), Escherichia
coli (ATCC® 11775™), and Pseudomonas aeruginosa
(ATCC® 10145™) were procured from the Iranian
Biological Resource Center (IBRC). The transparent
plastic polyethylene bag for the wrapping of control
sample was purchased from market.

Preparation of Nanocomposite Films

The casting method used for preparation of films. First, gelatin
at a ratio of 4% (w/v) was dissolved in distilled water and then
stirred for 30 min at 45 °C. CHINF (10% of dry gelatin) and
ZnONPs (5% of dry gelatin) were dispersed in distilled water
for 20 min at 50 °C in 1000 rpm and sonicated for 15 min with
nominal frequency of 20 kHz at 70% of full power before
annealing. Optimum concentrations of CHINF and ZnONPs
were determined according to our pre-tests to achieving the
highest film properties without obvious aggregation of nano-
particles. Then, the prepared CHINF and ZnONPs solutions
were added into the previously prepared gelatin solution and
stirred at 25 °C for 30 min in 1000 rpm. Next, glycerol as
plasticizer was added as a 25% weight of gelatin into prepared
mixture and stirred for 1 h at room temperature in 1000 rpm.
In order to remove dissolved air bubbles, the film solution was
degassed by ultrasound for 30 min with nominal frequency of
28 kHz. Finally, film solutions were cast onto polystyrene
plate and dried at room temperature for 72 h. The dried films
were conditioned at 50% relative humidity and 25 °C in des-
iccator for 72 h before testing (Sahraee et al. 2017b;
Shahmohammadi Jebel and Almasi 2016). The fabricated film
samples were coded as follows:
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G: gelatin film

G/CHINF: gelatin-based nanocomposite containing
CHINF

G/ZnONPs: gelatin-based nanocomposite containing
ZnONPs

G/CHINF/ZnONPs: gelatin-based nanocomposite con-
taining CHINF and ZnONPs

Characterization of Films
Scanning Electron Microscopy (SEM)

The morphology of the surface of the films were shown using
the SEM (Quanta 200, FEI Co., USA). The accelerating volt-
age applied was 5.0 kV. The film samples were coated under
vacuum with gold in an argon atmosphere prior to observation
using a direct current sputtering technique (DSTI,
Nanostructured Coating Co., Tehran, Iran).

Antimicrobial Activity

The antibacterial activity of the film samples was
assessed by the agar disc diffusion method. Three
foodborne pathogenic bacteria, E. coli, S. aureus, and
P aeruginosa were used for evaluation. Suspensions
containing (1.5 x 10® CFU/mL) colonies of E. coli,
S. aureus, and P. aeruginosa were prepared and cultured
on surface of prepared Mueller-Hinton agar plate. The
film samples were prepared in the form of a round disc
with 12 mm diameter and were placed on the surface of
Mueller-Hinton agar plates and then subsequently incu-
bated at 37 °C for 24 h. After incubation time, the
diameter of the inhibition zone around the film samples
was measured in triplicate by the caliper and the means
were reported (Jahed et al. 2017).

Treatment of Food Models

The chicken fillet and white cheese were obtained from
a local market, directly transferred to the laboratory and
were sliced into 10-g square pieces under aseptic con-
ditions. The samples were divided into two groups
(treatment and control): the treatment group packaged
with prepared films (70 x 70 mm) and the control group
wrapped with sterile transparent plastic polyethylene
bag. It has to be noted that the thickness of the assayed
films and as a result the contact surface of the active
ingredients was similar in food models. Finally, all the
packaged samples were stored for 12 days at 4 °C and
80+5% RH. The samples were harvested after 1, 3, 6,
9, and 12 days for total count of bacteria, pH, texture,
color, and sensory analyses (Fig. 1).

Microbiological Analyses
Total Bacterial Count (TBC)

For assay the TBC in the food samples, the wrapped food
samples (2 g) were brought with 20 ml of 0.1% sterile peptone
water solution and homogenized using a stomacher (Seward,
London, UK) for 2 min. The 100 ul of diluted homogenates
solution (1:10) were spread for the total bacterial counts by
plate count agar and incubated at 37 °C for 2448 h (Alizadeh
Sani et al. 2017).

Inoculation of Food Samples with Common Foodborne
Pathogenic Bacteria

The chicken fillet and white cheese pieces were sprayed with
ethanol solution (95% v/v) and dried under UV for 20 min.
The samples were immersed to bacterial suspension contain-
ing 1.5x 10° CFU/mL of S. aureus (for the chicken fillet
samples), P. aeruginosa (for the cheese samples), and E. coli
(for the chicken fillet and cheese samples) and homogenized
for 2 min. Then, the inoculated samples were packed with
prepared films as treatment group and plastic bags as control
group. All packaged samples were kept under sterile condition
during 12 days of storage at 4+ 1 °C. The S. aureus (in the
chicken fillet samples), P. aeruginosa (in the cheese samples),
and E. coli (in the chicken fillet and cheese samples) counts
were carried out at 1, 3, 6, 9, and 12 days on Baird-Parker,
cetrimide fusidin cephaloridine, and EMB agar plates, respec-
tively, and incubated at 37 °C for 24 h (Alizadeh Sani et al.
2017).

pH Measurement

Five grams of the chicken fillet and white cheese samples
were blended with 95 ml of distilled water and homogenized
and then filtered. The pH values of filtrates were measured
directly using a calibrated digital pH meter (Metrohm,
Switzerland) at room temperature and three replicates were
carried out for each measurement (Gomes et al. 2019).

Weight Loss Measurement

The weight loss of chicken and cheese samples was investi-
gated during storage time. The results were expressed as per-
centages of weight lost relative to the initial weight.

Color Measurement

Image processing method was used to determine color param-
eters; i.e., L* (lightness/brightness), a* (redness/greenness),

and b* (yellowness/blueness) of chicken fillet and white
cheese samples during storage time. The samples and RAL
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Fig. 1 The schematics of the preparation of reinforced ZnO nanoparticle-incorporated gelatin bionanocomposite film with chitosan nanofiber and

application of it for chicken fillet and cheese

standard color sheets (RAL-K7 Classic) were put in the stan-
dard box and photographed using a digital camera (Canon
Power shot SX720 HS, Japan). Then, the L*, a*, and b* fac-
tors were shown by the Adobe Photoshop software and the
calibration curves were found by drawing the L*, a*, and b*
factors of the standard sheets obtained from software and ac-
tual values of the standard sheets (obtained from the
EasyRGB color calculator: www.easyrgb.com/en/convert.
php). Finally, the values of L*, a*, and b* factors of samples
were calculated via the replacement of obtained factors in the
equation of calibration curves (Amjadi et al. 2018).

Sensory Analysis

The sensory evaluation was assessed by 30 semi-trained pan-
elists (15 males and 15 females, 25-35 years old), which were
not awarded of the experimental procedure. The panelists
scored sensory properties of samples such as color, odor and
overall acceptability using a five-point hedonic scale (5 = like
much, 4 =like, 3 = neither like or nor dislike, 2 = dislike, 1 =
dislike much) during storage time. The samples were blind
encoded with three-digit random numbers and sensory prop-
erties were explained beforehand to the panelists (Alizadeh
et al. 2018).

Statistical Analysis

Effect of packaging type and storage time on microbial, pH,
color, and sensory properties was assessed based on one-way
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analysis of variance (ANOVA) and Duncan’s mean compari-
son tests at 5% significant level using IBM SPSS Statistics 22
(IBM Corporation, Armonk, NY, USA).

Results and Discussion
Characterization of Films

The prepared film samples were characterized successfully by
FTIR and DSC analyses, and their physicochemical and me-
chanical properties were assessed. The results were reported in
our recently published study (Amjadi et al. 2019b).

Scanning Electron Microscopy

The SEM image of a neat gelatin film (Fig. 2a) exhibited a
rough surface with a few cracks, pores, and wrinkles. These
wrinkles could be attributed to the effects of drying on the
surface of film samples due to water evaporation. As shown
in Fig. 2b, incorporation of ZnONPs enhanced the compact-
ness and density of film because of the reduction in the num-
ber of pores and cracks in the film, indicating a strong affinity
between ZnONPs and gelatin. However, the ZnONPs aggre-
gation was observed because of phase separation and weak
interaction between matrix and nanoparticles due to the high
concentration of ZnONPs; this result is consistent with the
previous studies (Sahraee et al. 2017a; Shahmohammadi
Jebel and Almasi 2016). In addition, an interconnective
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Fig. 2 Scanning electron microscopy (SEM) images from the surface of G (a), G/ZnONPs (b), G/CHINF (c), and G/CHINF/ZnONPs (d) film samples.

G, gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide nanoparticles

porous structure was observed for G/CHINF sample, which
was due to the filamentary structure of CHINF (Fig. 2¢). The
highly porous structure of composite could provide the load-
ing of NPs in its inner space. G/CHINF/ZnONPs nanocom-
posite (Fig. 2d) revealed a good interconnective porous struc-
ture and the ZnONPs were observed in the inner structure of
the gelatin and CHINF. These results can be explained by the
appropriate interactions occur between gelatin matrix, CHINF
and ZnONPs, and their good compatibility because of their
anionic and cationic nature (Sahraee et al. 2017b). In accor-
dance with these results, we showed that the chitin and ZnO
nanoparticles were compatible with gelatin matrix and dis-
persed well in it (Sahraee et al. 2017a). In addition, Almasi
et al. (2018) showed that CHINF had a filamentary structure
and copper oxide NPs were distributed in CHINF more uni-
formly than bacterial cellulose nanofibers.

Antimicrobial Activity

Table 1 and Fig. 3 presents the inhibition zone diameters of the
film samples against gram-positive (S. aureus) and gram-
negative (E. coli and P. aeruginosa) bacteria. The neat gelatin
and G/CHINF films did not show antibacterial activity. The
G/ZnONPs film showed inhibition zones against bacteria,

which were 30.62+0.56, 15.06+0.17, and 10.7+0.72 mm
against S. aureus, E. coli, and P. aeruginosa bacteria, respec-
tively. The antibacterial activity levels of G/CHINF/ZnONPs
nanocomposite were 8.19, 66.40, and 21.02% higher than
those of G/ZnONPs sample against S. aureus, E. coli, and
P aeruginosa, respectively. Therefore, the CHINF had a syn-
ergistic effect on the antimicrobial activity of ZnONPs, which
was in line with the results of previous studies (Almasi et al.
2018). This synergistic effect of CHNF on the antimicrobial
activity of ZnONPs might be due to the electrostatic

Table 1 Antimicrobial activity of film samples
Samples Inhibitory zone (mm)

S. aureus E. coli P. aeruginosa
G 0.0 £ 0.0° 0.0 £ 0.0° 0.0+0.0°
G/CHNF 0.0 £ 0.0° 0.0 £ 0.0° 0.0+0.0°
G/ZnONPs 30.62 +0.56° 1506 +0.17°  10.7++0.72°
G/CHNF/ZnONPs ~ 33.13 £ 0.67°  25.06 + 0.24*  12.95+0.18"

Data are expressed as mean =+ standard deviation (n=3) and different
letters show significant difference at the 5% level in Duncan’s test
(p<0.05)

G gelatin, CHINF chitosan nanofiber, ZnONPs zinc oxide nanoparticles
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Fig. 3 The antibacterial activity
of G (1), G/CHINF (2),
G/ZnONPs (3), and G/CHINEF/
ZnONPs (4) film samples against
S. aureus (a), E. coli (b), and

P, aeruginosa (c) after 24 h
incubation at 37 °C. G, gelatin;
CHINF, chitosan nanofiber;
ZnONPs, zinc oxide
nanoparticles

interaction of positively charged amine groups of CHNF with
anionic groups of microbial cell membranes and their distri-
bution in the cell membrane, which enhance the penetrate of
Zn** jons and reactive oxygen species (ROS) produced by
ZnONPs through the cell wall of bacteria and kill bacteria
by reacting with cytoplasmic content (Jahed et al. 2017). As
a result, the antibacterial activity of G/ZnONPs and
G/CHINF/ZnONPs nanocomposites against Gram-positive
bacteria was higher than Gram-negative bacteria. These re-
sults can be explained by the structural differences in the outer
membrane of these bacteria. So, the cell wall of Gram-positive
bacteria is thick and composed of multilayer peptidoglycan
(Shahmohammadi Jebel and Almasi 2016). However, the cell
wall of Gram-negative bacteria is more complex because of
the presence of an outer membrane that is composed mainly of
lipopolysaccharide, in addition to a thin peptidoglycan layer
(Shankar et al. 2015). The outer membrane of Gram-negative
bacteria limits the antibacterial potential of ZnONPs due to its
barrier properties against Zn>" ions and reactive oxygen spe-
cies (ROS) produced by ZnONPs (Espitia et al. 2012). Similar
results reported that the antibacterial activity of ZnO
nanoparticle-loaded bacterial cellulose (Shahmohammadi
Jebel and Almasi 2016) and gelatin (Shankar et al. 2015)
composites against Gram-positive bacteria was higher than
that of Gram-negative bacteria.

Microbiological Analyses
Total Bacterial Count

The efficiency of the film samples on TBC in the wrapped
chicken fillet samples during storage time is shown in Fig. 4a.
The initial TBC values were 3.1-3.3 log CFU/g, indicating
that the chicken breast fillets were of good microbiological
quality. So, previous studies reported that the chicken breast
fillets with TBC values <4 log CFU/g as good quality sam-
ples (Azlin-hasim et al. 2015). The TBC in chicken fillet sam-
ples increased significantly (p <0.05) during storage time.
The highest and lowest increases in these values are attributed
to the samples wrapped with pure gelatin and G/CHINF/
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ZnONPs films, respectively. At the end of storage time, the
TBC in the wrapped chicken fillet samples with pure gelatin
and G/CHINF/ZnONPs films were 7.03 £0.35 and 5.26 +

0.30 log CFU/g, respectively. The acceptable limit for TBC
of chicken meat products is 67 log CFU/g (Azlin-hasim et al.
2015). Thus, the wrapped samples with G/ZnONPs and
G/CHNF/ZnONPs films were acceptable after 12-day storage
from the microbiological point of view. This result approved
the antibacterial activity of prepared nanocomposite films es-
pecially G/CHNF/ZnONPs nanocomposite and their potential
for improving the shelf life of chicken meat. The results of
TBC analyses for wrapped chicken fillet samples are quite
appropriate and more satisfactory than those reported in the
previous studies. In this regard, the TBC value for wrapped
chicken fillet samples with silver nanoparticles/polyvinyl
chloride (Azlin-hasim et al. 2016), carboxymethyl cellulose/
polyvinyl alcohol/clove oil (Muppalla et al. 2014), and silver
nanoparticles/low-density polyethylene (Azlin-hasim et al.
2015) nanocomposite films were more than 6 log CFU/g, at
the end of storage time. Figure 4b shows the TBC values in the
wrapped cheese samples with film samples during storage
time. The initial TBC values in cheese samples were
2.4 log CFU/g. All the cheese samples revealed a statistically
significant (p < 0.05) increase trend in TBC value during stor-
age time, except the samples wrapped with G/ZnONPs and
G/CHNF/ZnONPs nanocomposite film. Therefore, TBC val-
ue of samples wrapped with G/ZnONPs and G/CHNEF/
ZnONPs film were significantly (p < 0.05) reduced during
storage time, where the TBC value of this sample were 1.93

+0.15 and 1.66+0.15 log CFU/g, respectively, at the end of
storage time. In general, based on the obtained results, the
most effective inhibition of bacteria was obtained for cheese
wrapped by G/CHINF/ZnONPs nanocomposite. In accor-
dance with these results, other studies reported the TBC value
of skimmed milk acid coagulated cheese (Youssef et al. 2018)
and soft white cheese (Youssef et al. 2015b) showed increas-
ing trend during storage time, while the wrapping of these
cheese samples with chitosan/poly(vinyl alcohol)/titanium
nanoparticles nanocomposite films inhibited this the growth
of bacteria and the TBC value of these samples decreased.
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Fig. 4 The total bacterial counts in wrapped chicken fillet (a) and cheese
(b) samples with fabricated films during storage time at 4 °C. Data are
presented as mean + standard deviation (n = 3) and the means followed by
different lowercase letters within the same Packaging type were

Inoculation of Food Samples with Common Foodborne
Pathogenic Bacteria

Figure 5a presents the growth rate of S. aureus in chicken
fillets packaged with film samples. S. aureus is a foodborne
pathogen and an important source of foodborne diseases.
Among the foods related to staphylococcal food poisoning,
poultry, egg, red meat, and seafood have been most commonly
reported (Yuan and Yuk 2018). One day after inoculation, the
highest (4 + 0.3 log CFU/g) and the lowest (3 +0.2 log CFU/
g) S. aureus count were attributed to the samples wrapped
with neat gelatin and G/CHINF/ZnONPs films, respectively.
The count of S. aureus significantly (p < 0.05) increased in all
samples during storage time, with the highest (6 +
0.1 log CFU/g) and the lowest (4+0.1 log CFU/g) levels
being related to neat gelatin and G/CHINF/ZnONPs, respec-
tively, at the end of the storage. The interesting point in this
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Fig. 5 The counts of inoculated S. aureus (a) and E. coli (b) bacteria in
wrapped chicken fillet samples with fabricated films during storage time
at 4 °C. Data are presented as mean + standard deviation (n =3) and the
means followed by different lowercase letters within the same packaging
type were significantly different at difference at the 5% level; means
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significantly different at difference at the 5% level; means forerun by
different capital letters within the same storage time were significantly
different at difference at the 5% level in Duncan’s test (p < 0.05). G,
gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide nanoparticles

regard is that the S. aureus count of G/ZnONPs sample exhib-
ited no statistically significant (p >0.05) difference with
G/CHINF/ZnONPs sample after 1 day, but the S. aureus count
of G/ZnONPs sample was significantly (p < 0.05) higher than
G/CHINF/ZnONPs at the end of the storage. These observa-
tions can be explained by the synergistic effect of CHINF on
the antimicrobial activity of ZnONPs and controlled the re-
lease of ZnONPs during storage time (Almasi et al. 2018). The
growth rates of E. coli in chicken fillets packaged with film
samples are shown in Fig. 4b. E. coli and coliforms are usually
considered by food manufacturers as hygiene indicators of
sanitary quality of foods such as poultry meat (Soysal et al.
2015). Here, the highest E. coli count of chicken fillets was
related to the control sample (4.6 + 0.2 log CFU/g) while the
lowest E. coli count associated with G/ZnONPs sample (2.6 =
0.1 log CFU/g) after 1 day. The E. coli count exhibited an
increasing trend in chicken fillet samples during storage time.

b —— Control - G
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—— GI/CHINF/ZnONPs
5.5+ Aa
&)
=) Bab
S
o 4.5 Cab
<]
=
.<__>
<
w

Treatment time (day)

forerun by different capital letters within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p
< 0.05). G, gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide
nanoparticles
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At the end of the storage, the sample wrapped with neat gel-
atin film had the highest E. coli count (5.5+0.3 log CFU/g)
while the sample wrapped with G/CHINF/ZnONPs nanocom-
posite had the lowest content (3.4+0.2 log CFU/g).
Moreover, the chicken fillets wrapped with neat gelatin film
showed the highest counts of both of inoculated bacteria at the
end of storage time, probably due to the increased availability
of protein (gelatin) or carbohydrate (glycerol) sources for bac-
teria growth (Noori et al. 2018). In general, based on the
obtained results, the most effective inhibition of S. aureus
and E. coli bacteria was obtained for chicken fillets wrapped
by G/CHINF/ZnONPs nanocomposite. In this connection,
Panea et al. (2014) showed that the low-density polyethyl-
ene-based nanocomposite containing ZnO and Ag
nanoparticles improved the shelf life of chicken breast fillet.
Alizadeh Sani et al. (2017) also reported that the whey protein
isolate/cellulose nanofiber/TiO, nanoparticle/rosemary essen-
tial oil nanocomposite film exhibited strong antibacterial ac-
tivity against Listeria monocytogenes, E. coli, and S. aureus
inoculated in lamb meat during the storage time.

The efficiency of the film samples in inhibiting the growth
of P. aeruginosa and E. coli inoculated on cheese during stor-
age time is presented in Fig. 6a, b, respectively. After 1 day of
inoculation, the counts of P. aeruginosa and E. coli in cheese
samples wrapped with G/CHINF/ZnONPs nanocomposite
was significantly (p <0.05) lower than other samples, but
did not show a significant difference with cheese samples
wrapped with G/ZnONPs film (p>0.05). Additionally, no
significant difference (p>0.05) was identified between the
G/CHINF/ZnONPs and G/ZnONPs at each storage time. So,
a lower count of both bacteria was observed in cheese samples
wrapped with G/CHINF/ZnONPs and G/ZnONPs films at the
end of storage. This finding can be related to the controlled
release of ZnONPs by CHNF that led to the increasing trend
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Fig. 6 The counts of inoculated P. aeruginosa (a) and E. coli (b) bacteria
in wrapped cheese samples with fabricated films during storage time at
4 °C. Data are presented as mean + standard deviation (n=3) and the
means followed by different lowercase letters within the same packaging
type were significantly different at difference at the 5% level; means
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for antibacterial activity of G/CHINF/ZnONPs nanocompos-
ite during the storage time. Besides, the CHINF had a syner-
gistic effect on the antimicrobial activity of ZnONPs that com-
pensated the low release of ZnONPs in the first days. Thus, the
wrapping of some food products such as cheese with
G/CHINF/ZnONPs nanocomposite can show no significant
difference with the wrapping them with G/ZnONPs in the
bacteria count for short storage time. Moreover, the sample
wrapped with neat gelatin film revealed the highest counts of
P. aeruginosa (5.6+0.1 log CFU/g) and E. coli (5.6 +
0.3 log CFU/g) after 12 days of storage, which was 1.4-fold
higher than G/CHINF/ZnONPs and G/ZnONPs samples.
These results showed the inhibition potential of G/CHINF/
ZnONPs bionanocomposite against common foodborne path-
ogen bacteria. It has to be noted that this potential is due to the
antibacterial activity of ZnONPs and synergistic effect of
CHINF on the antimicrobial activity of ZnONPs. In accor-
dance with these results, Youssef et al. (2016) reported that
the novel chitosan/carboxymethyl cellulose/ZnONPs
bionanocomposite film exhibited high antibacterial activity
against S. aureus, P. aeruginosa, and E. coli bacteria and im-
proved the shelf life of white soft cheese. In another study, the
wrapping with polyethylene oxide nanofibers containing
nisin-loaded poly-g-glutamic acid/chitosan nanoparticles de-
creased the numbers of Listeria monocytogenes from 3.19 to
1.43 log CFU/g in cheese samples during 7 days (Cui et al.
2017).

pH Measurement

The pH values of chicken fillet samples during the storage
time are presented in Fig. 7a. The pH values of samples were
significantly (p <0.05) decreased until day 3, except for the
sample wrapped with G/CHINF/ZnONPs bionanocomposite.
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forerun by different capital letters within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p
< 0.05). G, gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide
nanoparticles
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Fig. 7 The pH values of wrapped chicken fillet (a) and cheese (b)
samples with fabricated films during storage time at 4 °C. Data are

presented as mean =+ standard deviation (z =3) and the means followed
by different lowercase letters within the same packaging type were

In this regard, previous studies reported that a reduction in pH
values may be related to the production of lactic acid by lactic
acid bacteria (Azlin-hasim et al. 2015). After day 3, the pH
values of samples were increased significantly (p < 0.05) until
the end of storage. The highest (6.91 +0.15) and lowest (6.30
+0.04) levels of pH were attributed to control and G/CHINF/
ZnONPs samples, respectively. The pH increase can be asso-
ciated with the production of volatile basic components due to
microbial growth, i.e., their endogenous proteolytic activity
that results in the production of the basic component
(Gomes et al. 2019). Therefore, the G/CHINF/ZnONPs nano-
composite limited the pH increase by inhibition of the growth
of bacteria and protein denaturation. There are several studies
on relationships between increasing pH of chicken meat and
the growth of bacteria, especially psychotropic bacteria. Most
of these works reported that the increase in pH may be attrib-
uted to the protein denaturation and accumulation of amines
and ammonia by psychotropic bacteria during storage that
were common microbial population in chicken meat
(Cortez-Vega et al. 2012; Ghollasi-Mood et al. 2017; Melo
et al. 2012). Similarly, Giteru et al. (2017) reported that the
final pH of chicken fillets wrapped with kafirin-based films
containing citral and quercetin was significantly higher than
the initial values of the fresh chicken fillets. The pH change is
an important parameter for determination of the acceptability
and shelf life of cheese (Youssef et al. 2015a, b). Figure 7b
presents the pH of cheese samples during the storage time.
The pH values of samples revealed a significantly (p <0.05)
decreasing trend during storage time except for the samples
wrapped with G/ZnONPs and G/CHINF/ZnONPs films. The
pH reduction might be attributed to the production of CO, by
microorganisms due to degradation of lactate and decarboxyl-
ation of amino acids at the cheese surface (Youssef et al.
2015a, b). Moreover, reduction of the cheese pH reveals the
presence of lipolysis, which is unfit for consumers (Singh
et al. 2018). The pH values of the samples wrapped with
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significantly different at difference at the 5% level; means forerun by
different capital letters within the same storage time were significantly
different at difference at the 5% level in Duncan’s test (p < 0.05). G,
gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide nanoparticles

G/ZnONPs and G/CHINF/ZnONPs films showed no signifi-
cant (p >0.05) differences at the end of storage, which can be
explained by the result of microbiological analyses. Youssef
et al. (2015a, b) reported that the pH values of soft white
cheese samples decreased during storage time, while the pH
of the wrapped sample with chitosan/poly(vinyl alcohol)/tita-
nium nanoparticles nanocomposite showed no significant dif-
ference with other samples.

Weight Loss Measurement

The weight loss of some food products such as chicken
meat and cheese during storage time is an important pa-
rameter to express the quality and profitability of products
(Amato et al. 2015). The weight loss percentages of the
chicken fillet and cheese samples during storage time are
summarized in Table 2. As can be seen, the weight loss of
all chicken fillet and cheese samples significantly
(p <0.05) increased during storage time. The lowest
weight loss levels are attributed to the control samples of
chicken fillet and cheese at the end of storage, which are
8.63+0.95 and 16.79 £ 1.47%, respectively. The highest
weight loss levels are related to the chicken fillet and
cheese samples wrapped with G/CHINF film, which are
38.03£2.11 and 51.19 +4.26%, respectively. This result,
which is confirmed by SEM results, could be attributed to
the high moisture absorption by G/CHINF film sample
because of its highly porous structure due to the filamen-
tary structure of CHINF. The weight loss of the chicken
fillet (18.91 £1.96%) and cheese (36.11 £3.74%) samples
wrapped with G/CHINF/ZnONPs nanocomposite was
(p <0.05) lower than that of the samples wrapped with
other films. The weight loss of food samples can be affect-
ed by the RH conditions in the storage time, which was 80
+ 5% in this study. Thus, the observed results can be de-
scribed by the high water barrier properties (low moisture

@ Springer
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Table2  Weight loss of wrapped chicken fillet and cheese samples with fabricated films during storage time at 4 °C
Samples Weight loss (%)
Storage time (days)
0 3 6 9 12
Chicken fillet Control 0.0 + 0.0 3.19 + 1.03¢¢ 5.84 + 0.84<° 6.44 + 0.97°° 8.63 + 0.95%
G 0.0 = 0.0 19.00 + 0.79° 21.74 + 1.86"° 32.52 £ 2,934 33.12 £ 0.625*
G/CHI 0.0 + 0.0%° 11.17 + 0.73B¢ 13.39 + 1.948¢ 25.09 + 1.885° 38.03 +2.114%
G/ZnONPs 0.0 = 0.04¢ 20.26 + 0.96%° 22.75 + 1.774° 23.89 + 2.095° 28.03 + 2.422
G/CHI/ZnONPs 0.0 = 0.0¢ 9.80 + 0.91°¢ 11.88 + 0.915° 18.50 + 1.22¢% 18.91 + 1.96™°
Cheese Control 0.0 £ 0.0%° 18.77 + 0.8842 8.03 + 0.86¢ 13.96 + 1.08%° 16.79 + 1.47°°
G 0.0 £ 0.0%° 14.58 + 0.905¢ 55.87 + 4.65% 46.31 + 3.285¢ 49.60 + 4.084°
G/CHI 0.0 £ 0.04¢ 11.52 + 0.79° 50.82 + 3.6352 41.84 +3.82°° 51.19 + 4.265°
G/ZnONPs 0.0 £ 0.0%° 1.97 + 0.875¢ 27.94 +2.20P¢ 37.54 + 2.854° 43.57 + 3.9052
G/CHI/ZnONPs 0.0 + 0.0% 7.15 +1.01 P 48.5 + 4.03° 37.5 + 3.68"° 36.11 + 3.74°

Data are presented as mean + standard deviation (n = 3) and the means followed by different lowercase letters in same row within the same packaging
type were significantly different at difference at the 5% level; means forerun by different capital letters in same column within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p < 0.05)

G gelatin, CHINF chitosan nanofiber, ZnONPs zinc oxide nanoparticles

absorption and water vapor permeability) of the
G/CHINF/ZnONPs nanocomposite compared to the other
film samples. So, the presence of the ZnONPs decreased
the moisture absorption by increasing the interactions be-
tween polymer chains and reduced mobility of chains due
to filling free spaces in the gelatin matrix. Thus, the low
absorption of moisture of food samples by G/CHINF/
ZnONPs nanocomposite and the environment resulted in
a low weight loss of the samples wrapped with G/CHINF/
ZnONPs nanocomposite compared to samples wrapped
with other films. In this regard, Shahmohammadi Jebel
and Almasi (2016) reported that incorporation of
ZnONPs reduced the moisture uptake in bacterial
cellulose-based film because of forming new interactions
and the creation of a strong structure. There are several
studies on relationships between weight loss of wrapped
food samples and water barrier properties of the wrapping
films. For example, some studies reported that the major
part of weight loss of the chicken fillet (Noori et al. 2018)
and cheese (Amato et al. 2015) samples is due to the mois-
ture extraction by pure biopolymeric films.

Color Measurement

Color properties of food products have a major influence on
the general appearance and consumer acceptance (Soysal et al.
2015). Table 3 presents the color factors (L*, a*, and b*) of
chicken fillet samples. The L* value of control sample signif-
icantly (p <0.05) increased during storage time such that the
highest L* value (70.45 +1.35) was related to this sample at

@ Springer

the end of storage time. The L* values of fillet chicken sam-
ples wrapped with fabricated films showed no significant (p >
0.05) differences during storage time, except the L* value of
the wrapped sample with neat gelatin film that significantly (p
< 0.05) decreased during storage time. Previous studies de-
scribed that the chicken fillets with L* values of up to 50 were
scored as “light” and those with lower value were scored as
“dark” (Panea et al. 2014). Therefore, all the chicken fillet
samples can be considered “light,” because the L* values of
all samples were higher than 50 during storage time. The a*
values of all chicken fillet samples showed a significant (p
< 0.05) increasing trend during storage time. The highest and
lowest a* values were associated with the samples wrapped
with neat gelatin (24.46+1.75) and G/CHINF/ZnONPs
(16.19 £ 0.66), respectively. According to the previous litera-
ture (Giteru et al. 2017), the increasing redness (a*) in fillet
samples may be related to the lipid oxidation, which could
have caused oxidation of meat pigments. Therefore, the lower
a* value in the wrapped sample with G/CHINF/ZnONPs
composite film could be due to the reduction-oxidation of
lipid and meat pigments. Moreover, the b* values of all chick-
en fillet samples exhibited a significantly (p < 0.05) increasing
trend during storage time, but the b* values of samples
wrapped with composite films showed no significant (p >
0.05) difference with the control sample at the end of storage.
The color parameters of cheese samples are presented in
Table 4. As a result, the L* values of control sample and
sample wrapped with neat gelatin film revealed no significant-
ly (p>0.05) difference during storage time, while the L*
values of samples wrapped with composite films significantly
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Table 3

Color parameters of wrapped chicken fillet samples with fabricated films during storage time at 4 °C

Color factors

Samples

Storage time (days)

0

3

6

9

12

L*

a*

b*

Control

G

G/CHI
G/ZnONPs
G/CHI/ZnONPs
Control

G

G/CHI
G/ZnONPs
G/CHI/ZnONPs
Control

G

G/CHI
G/ZnONPs
G/CHI/ZnONPs

64.62 + 1.334°
61.99 + 0.28%¢
62.88 + 1.824%
61.40 £ 13472
63.16 & 2.524°
13.78 £ 1.2142
13.32 + 0.554
12.89 + 1.7244
13.48 = 1.724°
13.39 + 1.874%®
19.76 + 1.46%¢
18.91 + 1.46"¢
18.30 = 1.20°
18.63 £ 1.594P
20.83 + 0.844°

63.45 = 1.754°
60.82 + 0.87ABCa®
58.49 + 0.505¢
60.99 + 1.69B2
58.61 + 1.13°
7.69 £ 1.41<°
10.95 + 1.085¢°
16.19 + 0.66*
14.59 + 1.747B°
10.95 + 1.865<>
2252 +0.845°
27.32 + 0.48%%
22.81 + 1.2958
2534 + 12942
21.12 + 0485

63.15 + 1.824°
61.99 + 0.504°
61.99 + 1.334°
59.36 + 1.58"%
59.94 + 0.874%®
13.39 + 1.86%
16.57 + 0.00°°
23.16 + 0.83%¢
1337 + 1.60%°
11.50 + 0.73%¢
23.65 + 0.49°B°
22.52 + 0.845°
24.36 + 0.844°
22.80 + 0.97AB®
20.55 + 0.97°°

67.58 + 1,774
59.01 + 1.737%
61.39 + 0.87%
59.49 + 1.897%
61.42 + 1.814%®
15.14 + 1.56%
21.38 + 0.78%
21.10 + 1.834%®
16.70 + 1.148®
12.82 + 0.95%%®
2456 + 1.95%®
2223 + 247
23.77 + 0.4852
21.91 + 0.57°%
22.88 + 0.943¢

7045 £ 1.35%°
56.73 + 0.28%°
61.11 + 1.015¢
58.77 + 1.348
62.57 + 0.76%
17.45 + 0.70%*
24.46 + 1.75%°
18.28 + 1.11B¢b¢
20.72 + 1.86*B2
16.19 + 0.66
27.61 + 0.86™°
21.60 £ 0.55P°
23.99 + 0.42°*
20.84 + 0.00°?
22.78 + 1.295%

Data are presented as mean + standard deviation (» = 3) and the means followed by different lowercase letters in same row within the same packaging
type were significantly different at difference at the 5% level; means forerun by different capital letters in same column within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p < 0.05)

G gelatin, CHINF chitosan nanofiber, ZnONPs zinc oxide nanoparticles

Table 4  Color parameters of wrapped cheese samples with fabricated films during storage time at 4 °C

Color factors Samples Storage time (days)
0 3 6 9 12

L* Control 81.05 + 1.234* 83.10 + 3.10%® 8433 +0.71¢° 87.10 + 6.485° 83.1 +0.71°°
G 81.46 + 0.71°° 81.05 + 3.25° 9541 + 0.71° 93.77 + 2.84"Ba 83.51 + 1.23P°
G/CHI 76.95 + 8.19°B¢ 99.92 + 6.074° 89.26 + 2.84%° 89.20 + 5.06°° 100.3 + 0.7142
G/ZnONPs 79.01 + 3.74°B¢ 89.26 + 1.885° 86.39 + 0.71° 97.05 + 07° 89.67 + 2.13°
G/CHI/ZnONPs 77.26 + 2.40%° 84.42 +2.11%° 83.64 + 1.65% 81.8 + 1.958° 08.87 + 1.4352

a* Control 9.11 + 0.00%° 9.52 + 0.724° 8.69 + 0.724° 9.11 + 0.00%? 8.88 + 1.00%?
G 8.69 + 0.724° 9.10 + 1.25%° 8.75 + 0.724° 8.77 + 2.76"B2 9.24 + 1.447°
G/CHI 8.52 + 1.747% 8.08 + 1.9842 6.59 + 1.265® 6.10 = 1.255® 5.07 + 1.255°
G/ZnONPs 8.94 + 0.724° 8.52 + 0.724° 9.11 + 0.00%? 8.52 + 0.724B2 8.01 + 0.724%
G/CHI/ZnONPs 8.94 + 1.874° 8.52 + 1.474° 8.85 + 0.00"? 8.69 + 0.724B2 8.04 + 0.90"°

b* Control 443 + 1.87° 9.58 + 1.22¢P* 7.06 + 2305 6.29 + 1.425° 10.72 + 1.4282
G 3.96 + 0.92°¢ 6.54 + 1.294° 14.66 + 2.17°%° 8.510 = 0.92°¢ 8.65 + 0.68°
G/CHI 3.38 + 14454 1.63 + 7.265° 7.06 + 2.614 9.85 + 0.80"° 13.06 + 2.114°
G/ZnONPs 423 +0.00%° 6.90 + 1.22P° 9.85 + 0.8“® 743 + 1.63% 931 + 0465
G/CHI/ZnONPs 4.14 + 1.07°° 436+ 1.26° 471 + 1.44° 5.18 £ 1.52°° 5.66 + 0.914°

Data are presented as mean + standard deviation (n = 3) and the means followed by different lowercase letters in same row within the same packaging
type were significantly different at difference at the 5% level; means forerun by different capital letters in same column within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p < 0.05)

G gelatin, CHINF chitosan nanofiber, ZnONPs zinc oxide nanoparticles
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(p < 0.05) increased during storage time. In addition, no sig-
nificant difference (p >0.05) was observed in a* values of
cheese samples during storage time except the sample
wrapped with G/CHINF film, for which a* values significant-
ly (p < 0.05) reduced during storage time. The b* values of all
cheese samples significantly (p < 0.05) increased during stor-
age, with the highest (13.06+2.11) and lowest (5.66 £0.91)
levels observed for the samples wrapped with G/CHINF and
G/CHINF/ZnONPs films. The increase in the b* value
(yellowness) is a sign of rancidity (Singh et al. 2018); thus,
the lower b* value of the sample wrapped with G/CHINF/
ZnONPs nanocomposite could be related to the potential of
this nanocomposite film in the preservation of rancidity.
Similarly, this result was reported by Singh et al. (2018), ac-
cording to whom the yellowish coloration in unpacked cheese
samples increased rapidly than those of packed cheese sam-
ples with silver nanoparticles-immobilized chitosan-coated
poly (ethylene terephthalate) film. Youssef et al. (2015a, b)
also reported similar findings that the yellow color for all
cheese samples increased at the end of the storage period,
for which the highest and lowest yellow values were related
to the control sample and sample wrapped with chitosan/poly
(vinyl alcohol)/titanium nanoparticles nanocomposite film,
respectively.

Sensory Analysis

The measured sensory evaluation parameters of chicken
fillet samples are presented in Fig. 8. The color accept-
ability of the samples wrapped with G/CHINF/ZnONPs
showed no significant (p>0.05) difference during stor-
age (Fig. 8a). At the end of storage, the lowest and
highest amounts of color acceptability of chicken fillet
samples were associated with samples wrapped with
neat gelatin and G/CHINF/ZnONPs films, which were
2+0.81 and 3.7+ 0.67, respectively. Moreover, the odor
acceptability of the all chicken fillet samples
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Fig. 8 The color (a), odor (b), and overall (¢) acceptance scores of
wrapped chicken fillet samples with fabricated films during storage
time at 4 °C. Data are presented as mean + standard deviation (n=3)
and the means followed by different lowercase letters within the same
packaging type were significantly different at difference at the 5% level;
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significantly (p < 0.05) decreased during storage time
(Fig. 8b). The highest odor acceptability (3+0.27) of
chicken fillet samples was related to the sample
wrapped with G/CHINF/ZnONPs nanocomposite and
the lowest odor acceptability (1.7 +0.86) was associated
with the control sample. In addition, the results of over-
all acceptance values revealed that the lowest (2.3 =+
0.62) and the highest (3.5+0.16) values of chicken fil-
let were determined for the samples wrapped with neat
gelatin and G/CHINF/ZnONPs films, respectively (Fig.
8c). Generally, based on the obtained result, the pack-
aging of chicken fillet with G/CHINF/ZnONPs nano-
composite film protected the sensory parameters of sam-
ples during storage time due to the controlling of mi-
crobial spoilage. In this regard, Noori et al. (2018) re-
ported the nanoemulsion-based edible sodium caseinate
coating containing ginger essential oil limited the reduc-
tion of the sensory acceptance of chicken fillet during
storage time because of its antimicrobial activity.

The results of sensory evaluation of cheese samples
are shown in Fig. 9. As can be seen, the color accept-
ability of all the cheese sample significantly (p < 0.05)
decreased during storage time such that the highest (4.4
+0.78) and the lowest (2.8 £0.63) amounts were deter-
mined for the control sample and sample wrapped with
G/ZnONPs film, respectively, at the end of storage. The
results of odor and overall acceptance values revealed
that this sensory parameter significantly (p< 0.05) re-
duced during storage time, but there were no significant
(p>0.05) differences between the odor and overall
acceptance of cheese samples, at the end of storage.
Therefore, the packaging with G/CHINF/ZnONPs
nanocomposite film exhibited no considerable effects
on the overall acceptance of the cheese sample. In
accordance with these results, Cui et al. (2017) showed
that the polyethylene oxide nanofibers containing nisin-
loaded poly-g-glutamic acid/chitosan nanoparticles could
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means forerun by different capital letters within the same storage time
were significantly different at difference at the 5% level in Duncan’s test
(p< 0.05). G, gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide
nanoparticles
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Fig. 9 The color (a), odor (b), and overall (¢) acceptance scores of
wrapped cheese samples with fabricated films during storage time at
4 °C. Data are presented as mean + standard deviation (n=3) and the
means followed by different lowercase letters within the same packaging
type were significantly different at difference at the 5% level; means

maintain the sensory quality of the cheese during stor-
age. In another study, similar findings reported that the
sensory properties of all cheese samples decreased dur-
ing storage time and the wrapping with chitosan/
polyvinyl alcohol/titanium dioxide nanoparticles nano-
composite film revealed no considerable effects on sen-
sory properties of cheese sample (Youssef et al. 2018).

Conclusion

G/CHINF/ZnONPs nanocomposite and other film samples
were prepared by casting method and were characterized by
SEM analysis. The SEM images showed the incorporation of
CHINF and ZnONPs changed the morphology of the gelatin
matrix and G/CHINF/ZnONPs nanocomposite had a good
interconnective porous structure. Moreover, the evaluation
of the antibacterial activity of fabricated film samples revealed
that the synergistic effect between CHNF and ZnONPs im-
proved the antibacterial activity of nanocomposite. The poten-
tial of G/CHINF/ZnONPs nanocomposite was assayed for
packaging of chicken fillet and cheese. The microbial analyses
of food samples during storage revealed that the most effective
inhibition of inoculation bacteria was obtained for chicken
fillet and cheese samples wrapped by G/CHINF/ZnONPs
nanocomposite film. The use of G/CHINF/ZnONPs film
protected the physical and chemical quality of chicken fillet
and cheese samples during storage time. Here, the weight loss
of the chicken fillet and cheese samples wrapped with
G/CHINF/ZnONPs nanocomposite were lower than the sam-
ples wrapped with other film samples. Furthermore, the or-
ganoleptic characteristics of chicken fillet and cheese samples
wrapped with G/CHINF/ZnONPs nanocomposite film were
acceptable. Consequently, G/CHINF/ZnONPs antibacterial
nanocomposite film is appropriate for the packaging of poul-
try meat and cheese, representing a great promise for improv-
ing quality and shelf life of these food products.
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forerun by different capital letters within the same storage time were
significantly different at difference at the 5% level in Duncan’s test (p
< 0.05). G, gelatin; CHINF, chitosan nanofiber; ZnONPs, zinc oxide
nanoparticles
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