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Abstract: In the current work, novel bionanocomposite based on chitosan (CS), polyvinyl alcohol
(PVA), and gelatin (GE), incorporating lemon grass nanoemulsion (Lg-NE) and zinc oxide
nanoparticles (ZnO-NPs). The prepared ZnO-NPs and Lg-NE morphology were evaluated using a
transmission electron microscope (TEM), and the drop particle size was assessed using dynamic light
scattering (DLS). The fabricated CS/PVA/GE/ZnO/Lg bionanocomposites were assessed using X-ray
diffraction pattern (XRD), scanning electron microscope (SEM), Fourier-transform infrared
spectroscopy (FTIR) and were evaluated for their antimicrobial effect. The permeability, thermal and
mechanical properties of the films were evaluated. The oxygen transmission rate (OTR), water vapor
transmission rate (WVTR), thermal, mechanical, and antimicrobial properties of fabricated
CS/PVA/GE/ZnO/Lg bionanocomposite were enhanced through the addition of Lg-NE (13.8, 20, and
25% (v/w)) and ZnO-NPs (2% wi/w). The influences of Lg-NE and ZnO-NPs in a mixture combined
into a CS/PVA/GE blend as an edible film on the shelf life of chilled chicken meat and their quality
throughout refrigerated storage (442 °C) were evaluated for 7 days of storage. The obtained results
designated that ZnO-NPs combined with Lg-NE have a synergistic effect on the improvement of the
CS/PVAIGE/ZnO/Lg bionanocomposite preservation properties for refrigerated chilled chicken meat,
compared with those without ZnO-NPs and Lg-NE, as they extend the shelf life of samples, enhances
their sensory characteristics, pH, Thiobarbituric acid reactive substances (TBARS) value, and also have
a prominent influence on the microbiological condition of samples. Furthermore, the prepared
nanocomposites have a marked effect on the population of pathogenic food microorganisms, Listeria
monocytogenes and Salmonella Typhimurium, through the chilled chicken meat storage period.

Keywords: lemon grass nanoemulsion; ZnO-NPs; bionanocomposites film; chilled chicken meat;
Packaging; SEM; mechanical; thermal properties; microbiological analysis.
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1. Introduction

Chicken meat occupies the top position in the human consumption of meat. This is
because it is affordable, takes a short production cycle, is easy to be prepared, has high
nutritional value, and contains low-fat content [1]. However, chicken meat is liable to bacterial
spoilage and lipid oxidation due to its nutritional components and high pH levels [2]. Recently,
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great attention has been paid to replacing traditional plastic-based food packaging with bio-
based and biodegradable active films [3]. This technology allows placing a physical barrier on
the food surface, reducing moisture and solutes migration as well as gas exchange, preventing
oxidative reactions and food deterioration during storage. Furthermore, the use of active edible
films comprising antimicrobial agents used for preserving foodstuffs represents a novel method
for improving the shelf life of foodstuffs [4].

Hydrocolloids (proteins and polysaccharides) such as chitosan and gelatin or a
combination of them are considered the highly recommended biodegradable materials used in
packaging meat, fish, and poultry products [5,6]. This is returned to their sustainability,
abundance, compostability, eco-friendly, compatibility with foodstuffs, and food applications.
In addition to their bio-functionality, film-forming capacity, and antimicrobial properties[7,8]
However, the biopolymers show poor barrier, mechanical, and processing properties with high
production costs compared with petroleum-based plastic materials [9]. These limitations can
be modified by adding plasticizers, surfactants, cross-linkers, antimicrobial agents, functional
additives, or by blending three biopolymers, such as CS, Gelatin, and PVA, to make a ternary
blend, which has been widely used in the preparation of packaging materials with good physical
and chemical properties[10].

Nanoparticles have been used as potential food preservative agents in active food
packaging, such as Zinc oxide nanoparticles, which act as antimicrobial and antioxidant agents.
The incorporation of ZnO-NPs into chitosan films enhances their antimicrobial and antioxidant
properties [11]. Recently, antibacterial films have been used in multiple applications; in the
food industry, life sciences, and medical services [12]. Active compounds like essential oils
can be incorporated into biodegradable polymer films to improve their functional properties,
such as antimicrobial properties [13]. In particular, edible films combining hydrophilic and
hydrophobic ingredients could retard moisture loss and gas migration and ensure food integrity,
reducing the necessity of using synthetic plastics [14].

Lemongrass grows in almost all tropical and subtropical countries [15] and exhibits
antimicrobial activities against a broad range of bacteria, including Campylobacter jejuni,
Listeria monocytogenes, Escherichia coli 0157, Staphylococcus aureus and Bacillus cereus
[16] and yeast and fungi [17,18] However, direct incorporation of EOs in the coating or films
considerably weakens the mechanical properties of the coating or film, decreases the EOs
loading capability and worsens the risk of oiling off the Eos [19]. However, using
nanoemulsions in coating-forming solutions has additional advantages, including improved
film homogeneity, increased antimicrobial activity, decreased compound dosage, reduced
interactions with other food matrix components, increased stability of the compounds under
stress, and reduction mass transport of the compounds through coating [20]. Additionally,
Lemongrass nanoemulsion demonstrated antimicrobial activities against various pathogens
superior to free lemongrass oil [21]. US Food and Drug Administration categorized Chitosan,
ZnO-NPs, TA, and plant essential oils as GRAS [22-25], as well as PVA, which can be used
as a covering material for various foods without raising any health concerns [26].

Hence, the main objective of this work was to prepare a ternary blend of chitosan (CS),
polyvinyl alcohol (PVA), and gelatin (GE) that have significant characteristics to overcome
any drawbacks facing the food packaging materials. Furthermore, to investigate the effect of
incorporation of lemon grass nanoemulsion and/or ZnO-NPs within the nanocomposite on the
films” characteristics (mechanical properties, thermal properties, barrier properties "water
vapor and gas permeability", and hydrophobicity) on extending the shelf life of chilled chicken
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meat, and on the population of Listeria monocytogenes and Salmonella Typhimurium in the
chilled chicken meat.

2. Materials and Methods

2.1. Materials.

Chitosan (CS) of average molecular weight Mv = 92,700 g mol? and degree of
deacetylation of 82.5%, glacial acetic acid (HAc), polyvinyl alcohol (PVA), gelatin (GE) from
bovine skin type B, zinc-acetate (Zn (CH3COO)..2H20), tween 80, glycerol, thiobarbituric acid
(TBA), butylated hydroxyanisole (BHA), and 1, 1, 3, 3-tetraethoxypropane (TEP) were
obtained from Siga-Aldrich Chemicals (Cairo, Egypt). Sodium hydroxide (NaOH) was
obtained from Acros. Standard plate count agar "SPC" (TM MEDIA), Sabaroud's dextrose agar
(Biolab), sodium chloride "NaCl" (ADWIC), Oxford medium base "OMB" (HIMEDIA),
Xylose Lysine Desoxycholate "XLD" (HIMEDIA), tryptic soya broth (BIOMARK), nutrient
agar (HIMEDIA), nutrient broth (LAB M) , Mueller Hinton broth "MHB" (TM MEDIA), and
Mueller Hinton Agar "MHA" (OXOID). Listeria Selective Supplement (Oxford formulation,
SR0206). Tannic acid (TA), standard buffer solutions at pH 4.0, pH 7.0, and pH 10.0,
Trichloroacetic acid (TCA), and absolute ethanol, all chemicals used were at least of analytical
grade. Lemon grass essential oil was obtained from the National Research Centre, Cairo, Egypt,
and stored at 4 °C till further use.

2.2. Methods.

2.2.1. Preparation of ZnO nanoparticles (ZnO-NPs).

Zinc oxide nanoparticles were prepared using a hydrothermal method in an alcoholic
medium via the reaction of zinc acetate (Zn (CH3zCOO)2. 2H20) and sodium hydroxide (NaOH)
as a base. In the current work, 1.97g Zn (CH3COO),. 2H>0 and 0.72g NaOH were dissolved
in 500 mL of absolute ethanol, and the reaction was refluxed at 70 °C for 3 h. The (CH3COO)
group reacted with sodium hydroxide and changed the zinc acetate into ZnO. Subsequently,
the ZnO was dispersed in an ethanol medium and mixed with DI water for purification. ZnO-
NPs were then separated from the dispersion supernatant by centrifugation at 7000 rpm for 5
min repeatedly. Finally, the ZnO nanoparticles were dried in an electric oven to obtain ZnO-
NPs. TEM result indicated that the size of ZnO nanoparticles was in nanoform.

2.2.2. Pathogenic strains.

The tested reference bacteria, L. monocytogenes (NCTC 13372\ATCC® 7644) and
Salmonella Typhimurium (NCTC 12023\ATCC® 14028), were obtained from the certified
food lab at the Animal Health Research Institute (AHRI), Dokki, Egypt. All strains were
maintained as frozen stocks in Tryptic soya broth (TSB) supplemented with 10% glycerol.

2.2.3. Preparation of bacterial suspension.

Stock cultures were subcultured in tryptic soy broth twice (incubated at 35 °C for 24 h)
before use. A loopful from the subcultured reference strains were streaked over non-selective
media (nutrient agar) several times to ensure their purity, then streaked onto selective media,
Oxford medium base supplemented with oxford supplement for Listeria monocytogenes and
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xylose lysine deoxycholate agar for Salmonella Typhimurium, and held at 37 °C for 48 h. About
2-4 pure colonies of each bacterial strain were inoculated into 5 mL tryptic soy broth. The
cultured bacterial strains were serially diluted (double fold) with sterile normal saline solution,
and the suspensions were compared to freshly prepared and vortexed 0.5 McFarland standards
against a white background with black lines (i.e., a Wickerham card) to assess the required
bacterial concentration [27].

2.2.4. Preparation of lemon grass nanoemulsion (Lg-NE).

Tween 80 was added to double-distilled water (2 v/v%) at room temperature with
continuous stirring using a magnetic stirrer for 10 min until a clear homogeneous solution was
obtained. The lemon grass was added slowly, drop by drop, at a rate of 1 drop/min, with
continuous stirring for 15-20 mins. The resulting crude emulsion was sonicated using a bath
sonicator, Ultrasonic Cleaner (Model 104X, 230V, 50/60 Hz, max power: 715 watt, DENSPLY
CERAMCO). Sonication was continued for 1 h in all cases. Ultrasonication produces intensive
and disruptive forces that help minimize lemon grass nanoemulsion droplets [28].

2.2.5. Determination of the minimum inhibitory concentration (MIC) and minimum lethal
concentration (MLC).

According to the broth dilution method, the minimum inhibitory concentration and
minimum lethal concentration were determined for the raw lemon grass and its nanoemulsion
against the tested strains, L. monocytogenes, and Salmonella Typhimurium, according to [29],
with some modification. The cultures used in the test were adjusted to 5x 107 CFU/mL with
the aid of 0.5 McFarland standard turbidity (5 x 108 CFU/mL). As well, different oil
concentrations were prepared to assess the MIC and MLC for pure oil (5, 2.5, 1.25, 0.625,
0.312, 0.156, and 0.078% for Salmonella Typhimurium and 0.5, 0.25, 0.125, 0.0625, and
0.031% for L. monocytogenes). Additionally, 0.5% v/v sterile tween 80 was added to the
medium to enhance the solubility of the pure oil in agueous solutions. Furthermore, lemongrass
nanoemulsion concentrations (0.5, 0.25, 0.125, 0.0625, 0.031, and 0.015%) were prepared to
test both bacterial species. 100 ul of +ve bacterial culture was added to each prepared
concentration. Positive control was prepared for only the bacteria in the MHB, while the
negative control included only the oil or the nanoemulsion in the MHB. Inoculated media were
incubated at 37°C for 24 h, and the MIC was determined as the lowest concentration of an
additive that demonstrated no visible growth. For MLC determination, 100 pL of the media
without obvious growth were cultured onto Mueller Hinton Agar (MHA) and incubated for 24
h at 37°C. MLC is defined as the lowest concentration that could kill 99.9% of the bacterial
population.

2.2.6. Preparation of bionanocomposite films.

Chitosan solution (CS) 3% (w/v) was prepared in 100 mL of 2% v/v acetic acid solution
with stirring (8 h at 70 °C). Simultaneously, aqueous solutions of polyvinyl alcohol (PVA) (5%
w/v) and Gelatin (GE) (3% w/v) were prepared separately with continuous stirring at 70°C for
6 h and at 50°C for 2 h, respectively. CS/PVA/GE ternary blend was obtained by mixing the
three previously prepared polymer solutions at the ratio of 60:30:10% (v/v). Then glycerol
(30% from the weight of the total solids of the polymers) was added steadily under constant
stirring, afterward, the tannic acid (at a percent of 5% from hard solids of the polymers). The
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CS/PVAIGE/ZnO bionanocomposites ternary blend was fabricated by adding zinc oxide
nanoparticles (2% of the weight of the film's dry matter). Bionanocomposites with different
loadings of the Lemongrass nanoemulsion (Lg-NE) (13.8, 20, and 25 % v/w) were prepared by
adding Lg-NE to the previous blend solutions during stirring and adjusting the mixture pH by
using NaOH solution (0.1 N). With the same procedures, blank films (CS/PVA/GE blend and
CS/PVAIGE/ZnO bionanocomposites) were also prepared. After adjusting the pH, the
solutions were left under magnetic stirring for 5 h and were maintained at room temperature
for 24 h to eliminate air bubbles formed during stirring.

The homogeneous bionanocomposite suspensions (200 mL) were poured onto
transparent glass rectangular Petri dishes (33.5%23.8 c¢cm) and left undisturbed at room
temperature for 72 h to evaporate the solvent mold the films. The formed bionanocomposite
films were peeled off the mold using a spatula and stored in a desiccator before
characterization. The recipe of CS/PVA/GE blend and CS/PVA/GE/ZnO bionanocomposites
containing different ratios of Lemon grass nanoemulsion are shown in (Table 1).

Table 1. Recipe of CS/PVA/GE blend and CS/PVA/GE/ZnO bionanocomposites containing different ratios of

Lg-NE.

Symbol Film name ZnO-NPs, % Lg-NE, %
(T.H) CS/PVA/GE blend 0.0% 0.0%
(T.G) CS/PVA/GE/ZnO bionanocomposites 2% 0.0%
(T.F) CS/PVA/GE/ Lg-NE 0.0% 13.8%
(T.E) CS/PVAJGE/ Lg-NE 0.0% 25%
(T.D) CS/PVAIGE/ZnO/Lg bionanocomposites 2% 6.9%
(T.C) CS/PVAIGE/ZnO/Lg bionanocomposites 2% 13.8%
(T.B) CS/PVAJ/GE/ZnO/Lg bionanocomposites 2% 20%
(T.A) CS/PVAJ/GE/ZnO/Lg bionanocomposites 2% 25%

Polyethylene bags were also used for packaging samples without a bionanocomposite film as a negative control
(T..

2.3. Characterization.

2.3.1. Droplet size determination.

The droplet size of the prepared emulsion was measured using dynamic light scattering
(DLS) with a Nano Zetasizer laser diffractometer (Malvern Instruments Ltd, Worcestershire,
UK) equipped with a backscatter detector (173°), which is applicable to measure submicron
particles and set at 633 nm at 25°C.

2.3.2. Morphological evaluation.

Morphological analysis of nanoemulsions and ZnO-NPs was performed by
Transmission Electron Microscopy (TEM). Initially, the prepared nanoemulsion was diluted
(2:10 v/v in water), followed by dripping it in a sample grid. After passing 1 min, the samples
were dried with a paper film and stained with uranyl acetate (2%). They were kept ina vacuum
desiccator and observed by TEM at 80 KV (JEM-1200 EXII, JEOL, Japan). Also, scanning
electron microscopy (SEM) (High-Resolution Quanta FEG 250-SEM, Czech Republic) has
been used to assess the morphology of the prepared nanocomposites. The sample surfaces were
evaluated at low vacuum and without coated gold.
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2.3.3. Infrared (IR) spectral analysis.

FT-IR spectra of the fabricated samples were carried out using the KBr method using
a Mattson 5000 spectrometer (Unicam, UK).

2.3.4. X-ray diffraction (XRD).

Using a Philips X-ray diffractometer (PW 1930 generator, PW 1820 goniometer) and
Cu K radiation (45 kV, 40 mA, with A = 0.15418 nm), the crystal structure of the filler powders
was determined. The analysis's scans were conducted in a two-dimensional (2D) range of 5 to
80° with a step size of 0.02 and a step time of 1s.

2.3.5. Permeability of the fabricated bionanocomposites film.

GBI W303 (B) Water Vapor Permeability Analyzer (China) was used to measure the
Water vapor transmission rate (WVTR) using the cupping technique. The water vapor
permeability of the tested film was determined by the amount of water vapor that could pass
through it. WVTR was additionally determined using the following criteria as the mass of water
vapor moved over a unit area in a unit time at a controlled temperature (38°C) and humidity
(4%) (TAPPI T464, ASTM D1653, DIN 531221, ISO 2528). Furthermore, the oxygen
transmission rate (OTR) was evaluated by N530 Gas Permeability Analyzer (China), using
(1S02556-2001) as an international standard.

2.3.6. Mechanical properties evaluations.

Using a universal testing machine (Hants, UK) equipped with a 5 kN load cell and
operating on the samples at a rate of 5 mm/min, the mechanical characteristics of the generated
bionanocomposite films were evaluated in accordance with the ASTM D638-91 standard.

2.3.7. Contact angle examinations of the prepared bionanocomposites.

Data Physics Instruments GbH, Filderstadt, Germany, employed an OCAZ20-
programmed and software-controlled video-based contact angle meter to determine the
dynamic contact angle of a distilled water drop on the synthesized bionanocomposite and on
the mixture. These observations were made at 25 °C and 58% relative humidity.

2.3.8. Thermogravimetric analysis (TGA).

Using the Netzsch DSC-200PC analyzer (Germany), the thermal stability assessment
was completed. The samples were heated from 25°C to 600°C at the rate of 10°C/ min in a
nitrogen environment. Sample weight loss was calculated as a function of temperature.

2.3.9. Gel swelling property.

The test film samples were dried at 37°C for 12h in an incubator and then precisely
weighed. After that, about 1 g of the dried film was immersed in distilled water, about 10 mL,
for 1-8 h. Afterward, remove the films from the water and try removing the surface water using
filter paper through gentle blotting, followed by immediately weighing the films to obtain the
wet weight. The following equation was used to determine the films' capacity to absorb water
or to swell:
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—Ws—Wq
d
where Ws and Wd are the weights of the samples in the swollen and dry conditions,

respectively, and S is the percentage of water absorption of the films at equilibrium.

x 100

2.3.10. Release of the Lemon grass essential oil from the nanocomposite film.

Raw lemongrass essential oil (Lg-EO) double fold serial dilution (50%-0.0015%) was
prepared in food simulant solution (50% Ethanol:50% distilled water), and used to obtain a
calibration curve correlating the absorbance at 376 nm to the essential oil concentration. The
ideal wavelength for measurement of the oil concentrations was previously obtained through
spectroscan to get the highest absorbance peak intensity. The used solvent is a standard
simulant for migration studies, according to [30].

Sustained release of the Lg-NE from the structure of CS/PVA/GE/ZnOl/Lg
bionanocomposites in food simulants (50:50 Ethanol: Distilled water) was measured using the
dialysis method [31] with modification. Bionanocomposites with specific dimensions
(2 x 2 cm?) were introduced within the dialysis bag and suspended in 2 mL of the food
simulants to perform the release studies. The release kinetic of the essential oil nanoemulsion
from these structures was measured for 286 h. The trial was done under refrigeration at 4°C
and under static conditions (no agitation). At different intervals (0, 0.5,1, 1.5, 2, 2.5, 3, 3.5, 4,
5,6,7,8,9,10, 12, 18, and 24 h., then every 12 h. till the end of the test). Each time 1 mL of
the medium was withdrawn, the removed volume was replaced with 1 mL of the corresponding
fresh food simulant. The absorbance of each sample (removed volume) was measured at 376
nm using a UV-VIS spectrophotometer (Thermo Scientific Evolution 300 UV-Vis, England)
and converted to the concentration of the nanoemulsion released using the equation of the
calibration curve. The cumulative release of the nanoemulsion was calculated by sequentially
adding the released concentration after each step and was drawn against the time into the
cumulative release curve according to [32].

2.3.11. Application of nanocomposite films for evaluating their physicochemical and
microbiological effects.

Figure 1 illustrates the application of nanocomposite films onto the chilled poultry meat
parts (breasts and thighs), as they were obtained from the retail markets in Assiut city, Egypt,
and immediately transferred to the laboratory in sterilized plastic bags under complete hygienic
and refrigeration conditions (4£1°C).

In the laboratory, under complete aseptic conditions, the purchased samples were
divided into two sets (treatment and control groups):

Treatment groups include packaging with prepared films; (T. A), (T. B), (T. C), (T. D),
(T.E), and (T. F).

Control groups, those packaged with CS/PVA/GE/ZnO bionanocomposites (T. G) and
CS/PVAIGE blend (T. H) films (Blank films), beside those packed in sterilized polyethylene
plastic bags (T. I).

The entire sample (breast and thigh) was wrapped by the prepared film from all sides,
then placed in foam plates (sterilized by UV lamp for 20 min) and covered with ethanol-
sterilized stretch plastic. Samples were then stored in a refrigerator (4°C) throughout the trial
till sensory spoilage. Samples were harvested at specific time intervals of 0 time (the time of
packaging) and after 24 h, 3, 5, and 7 days (appearance of spoilage signs) for physicochemical
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and microbiological analysis. Control samples were handled with the same procedure and at
the same intervals.

| |

Apply the film onto foam plate  Put the sample into the plate

Wrap the plate with sterilized plastic stretch ~ wrap all sample's sides with the nanocomposite film

then with plastic bag
Figure 1. Application of the nanocomposite films onto chicken meat parts for quality evaluation.

The reduction (R) percentages were calculated according to the following equation:

R% = (count of the treatment at 0 time - count of the same treatment at specific time )

x 100

count of this treatment at 0 time

2.3.12. Physicochemical evaluation of meat samples.
2.3.12.1. Sensory evaluation.

Eight panelists selected from the staff of the Food Hygiene Department, Faculty of
Veterinary Medicine, Assuit University, aged 25-30, who were previously trained to perform
the sensory evaluations of both the treated carcasses, and the controls based on the appearance,
viscosity, flexibility, and flavor of the meat as demonstrated in Table 2. The sensory scores
were ranked from 1 to 5, with 5 as the highest and 1 as the lowest score [33]:

Table 2. Sensory evaluation standards for chilled poultry meat.

Color and Viscosity of appearance Flexible Flavor Score
luster
Bright pink Wet and not sticky Recovering immediately The freshness smell 5
and shiny
Pink and a A little wet and not sticky Recovering a bit slowly No abnormal odor 4
little shiny
Red and dull Non-wet and sticky Recovering slowly A little off-flavor 3
Red and dull | A little dryness and sticky | Recovering very slowly, even Sour 2
unrecoverable
Deep red and Dryness and sticky Recovering very slowly, even Sour heavily 1
dull unrecoverable
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2.3.12.2. Determination of pH.

Using a pH meter (AD1030, Adwa Instruments, Woonsocket, RI, USA), pH values
were evaluated according to Takma and Korel [2].

2.3.12.3. Determination of Thiobarbituric Acid Reactive Substances (TBARS).

TBARS were determined as described by Buege and Aust [34].

2.3.13. Microbiological quality of chicken meat samples.

Chicken meat samples (10 g) were homogenized with 90 mL of sterile saline solution
(0.9% NaCl w/v) using a stomacher (Seward 400) at room temperature for 3 min. The obtained
mixture was serially diluted (tenfold) in 0.9% NaCl sterile saline solution. Yeast and mold were
counted according to Hungerford et al. [35].

2.3.14. Challenge study: Effect of the prepared bionanocomposites on Listeria monocytogenes
and Salmonella Typhimurium.

According to Morsy et al. [36], as demonstrated in (Figure 2), chicken meat samples
were cut into cubes 5x5x1 cm with sterile scalpels and tweezers under complete aseptic
conditions. The samples were surface treated with ultraviolet light (UV) for 20 min on each
side to reduce background microflora [37]. Meat cubes were aseptically inoculated overnight
and diluted cultures of L. monocytogenes or S. Typhimurium with shaking for 10 min to ensure
an even distribution of the bacterial suspension. Bacterial cultures were diluted ina 0.9% saline
solution, obtaining a concentration between 10*: 10> CFU/mL for S. Typhimurium and
approximately 107 cfu/mL for L. monocytogenes, comparing the inoculum with 0.5 Mac
Farland scale for each bacterium' [29].

Inoculated samples were then placed in sterile Petri dishes, immersed in the bacterial
suspension, and kept in the refrigerator for 20 min. After that, the samples were left to drip the
excess suspension for 10 mins at room temperature. Inoculated chicken meat cubes were
wrapped with the designated films previously sterilized by ultraviolet light (UV) for 30 min on
each side. Wrapped samples for each treatment were immediately packed into sterile plastic
stretches and sterile polyethylene bags to avoid contamination, then stored under refrigerated
conditions (4 £ 1 °C). All treatments were tested for inoculum count till they became
organoleptically unacceptable. Controls include inoculated samples, covered with the blank
film without LGEO and others only packed in sterile polyethylene bags, submitted to the same
procedures as other treatments.

Ondays 0, 1, 3, 5, 7, 10, and 12, samples were analyzed for population count. At each
sampling time, the package was opened, and 10 g of each sample was transferred aseptically
to a stomacher bag with 90 mL of 0.9% NacCl sterile saline solution and homogenized for 2
min (Seward 400 Stomacher). Ten-fold serial dilutions were made in sterile saline solution,
and 100 pL of the homogenate was plated in duplicate onto Modified Oxford Agar for L.
monocytogenes and Xylose Lysine Deoxycholate Agar for S. Typhimurium to determine the
count. Inoculated bacteria were counted after 1 to 2 days of incubation at 37 °C. Population
count was expressed as log,, CFU/g [38,39]. The reduction (R) percentages were calculated

according to the following equation:
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(count of the treatment at 0 time - count of the same treatment at specific time )

R%= X 100

count of this treatment at 0 time

The author's institute’s policy on animal usage and ethics was followed when
conducting studies; details on compliance with local, national, and international laws or
regulations were provided when possible. (Medical Research Ethics Committee (MREC)
Decision No: 20177.

‘ w"'y

Cut meat into cubes Expose meat to Immerse meat into Left samples to drip

TV for 20 mins bacterial suspention for 10 min
On each side for 20min with shaking

Wrap the samples by the nanocompeosite film from all sades sterilize the bionanocompesite films by
then wrapped by sterile plastic strech and plastic bag and TV for 30 muin on each side
stored in the refregerator

Figure 2. Procedures of Challenge study.

3. Results and Discussion

3.1. Evaluation of the prepared ZnO-NPs and Lg-NE

In the current work, zinc oxide nanoparticle was prepared using a hydrothermal method.
The morphology of the fabricated ZnO nanoparticles was assessed using a transmission
electron microscope (TEM) (Figure 3a). The transmission electron microscope image of ZnO-
NPs displayed that the zinc oxide particles develop slowly and create hexagonal constructions
besides gathering identical bullets as well as chief of the fabricated zinc oxide nanoparticles
existing in a cubic structure. Furthermore, the TEM images of the prepared ZnO-NPs were a
cubic structure that is established via XRD pattern, while Kumar et al. [40] found that the TEM
images of most green synthesized ZnO-NPs were polyhedral in shape. Moreover, the TEM of
the prepared Lemon grass nanoemulsion (Lg-NE) was obtainable in (Figure 3b).

The dynamic light scattering effect on the particle size examination of the prepared
ZnO-NPs was revealed in (Figure 3c) which showed the particle size is around 335 nm.
Furthermore, the drop size of the fabricated Lg-NE was obtainable in (Figure 3d), which
showed an average diameter of about 380 nm, distinguishing the particle size of lemon grass
at the nano level throughout the solubilization of Lg in water.
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Figure 3. (a) TEM image of ZnO-NPs; (b) TEM image of Lg-NE; (c) Particle size of ZnO-NPs; (d) Particle
size of Lg-NE.

3.2. Structural properties of ZNO-NPs as well as its bionanocomposites.

The structure of the prepared 2ZnO-NPs and CS/PVA/GE/ZnO/Lg-NE
bionanocomposites was evaluated using the XRD pattern method, which utilizes to determine
the crystal structure. Figure 4a shows the X-ray diffraction pattern of the fabricated ZnO-NPs
with Lemon grass nanoemulsion (Lg-NE); all peaks associated with ZnO nanoparticles seemed
in the XRD pattern, while some peaks correlated to the existence of Lg-NE. ZnO-NPs prepared
using the hydrothermal method demonstrated diffraction peaks at 31.49, 34.28, 35.92, 46.56,
56.02, 61.8, 66.91, and 68.56° of 26. All the ZnO nanoparticles diffraction bands connected to
the crystal planes (100), (002), (101), (102), (110), (103), (200), and (112), as presented in
(Figure 4a). The ZnO-NPs average crystallite size was evaluated from the width of main peaks
via the Scherrer equation, and they were around ~20 nm. The synthesized ZnO-NPs were
confirmed through the TEM image. Moreover, the XRD of chitosan shows the main peak, at
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18.33° resulting from the crystalline phase, which was associated with the reflections (200).
Furthermore, a broad area under this peak extending from around 10° to 70° is associated with
the major amorphous phase. Additionally, the XRD of CS/PVA/GE displays four peaks
characteristic of polymer crystallinity at 16.88° (strong), 13.84° (medium), 18.01(weak), and
24.43° (weak).
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Figure 4. XRD pattern of (a) ZnO-NPs; (b) CS; (c) CS/PVA/GE blend, as well as CS/PVA/GE/ZnO/Lg-NE
bionanocomposites containing different concentrations of Lg-NE; (d)13.8 %; (€) 20%; (f) 25%.

Additionally, the XRD pattern of CS/PVA/GE/ZnO/Lg-NE bionanocomposites loaded
by 2% of ZnO-NPs and different ratios of Lg-NE (13.8, 20, and 25%) were demonstrated in
(Fig. 4 c, d, and e) where the characteristic peaks of chitosan, PVA and GE matrix appear in
the formed bionanocomposites films. Soltanzadeh et al. [41] demonstrated that XRD of
chitosan nanoparticles loaded by lemongrass essential oil (LGEQO) exhibited a broad high-
intensity peak at 20 = 19-25° inferring the entrapment of LGEO within CSNPs compared to
non-loaded CSNPs. In addition, the peak intensity related to the addition of ZnO nanoparticles
in the bionanocomposites matrix was very slight owing to the very few ratios of ZnO-NPs,
which are supplementary to the bionanocomposite films. The crystal structure could also
develop the barrier and mechanical properties of the fabricated CS/PVA/GE/ZnO/Lg-NE
bionanocomposites films.

3.3. FT-IR investigation of the synthesized CS/PVA/GE/ZnO/Lg bionanocomposites.

The synthesized CS/PVA/GE blend, CS/PVA/GE/ZnO, and CS/PVA/GE/ZnO/Lg
bionanocomposites, each containing a different loading of Lg-NE, all were investigated
through FT-IR (Figure 5). Chitosan's spectra exhibit peaks at 856 and 1055 cm™, which are
consistent with its saccharide structure [42]. Nevertheless, there were substantial absorption
peaks at 1651 and 1344 cm™, which are characteristic of chitosan and have been classified as
amide | and Il peaks, respectively, despite many peaks accumulating in the amide Il peak
region from 1641 to 1670 cm™. The CH3 symmetrical deformation mode was connected to the
strong peaks at 1313 and 1444 cm™. The broad peak at 1043 cm™ represents the chitosan C-O
stretching vibration. The typical C-H stretch vibration peaks are 2912 and 2952 cm™ [43].

The FT-IR spectrum of pure PVA is also displayed in Figure 5, where all major peaks
associated with the hydroxyl and acetate groups were found. Furthermore, the stretching OH
from the intramolecular and intermolecular hydrogen bonds is correlated with the broadband

https://biointerfaceresearch.com/ 12 of 31


https://doi.org/10.33263/BRIAC136.573
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.573

seen between 3580 and 3150 cm™. The stretching of C-H from alkyl groups is responsible for
the vibrational band seen between 2860 and 3986 cm™, while the peaks between 1740 and 1720
cm™ are associated with the stretching of C-O and C-O from the acetate group from PVA
(saponification action of polyvinyl acetate) [44]. FT-IR absorption bands at 3318 and 2915 cm”
! which correspond to OH stretching and CH2 asymmetric stretches from PVA, are also visible
in the IR spectra of the CS-PVA blend. The amides | and 111 of C-O stretching vibration, N-H
bending of NH2, and CH> twitching linked with the OH group from CS are responsible for the
peaks at 1664, 1570, and 1331 cm™. OH, and CH group changes are believed to be responsible
for the peak at 1417 cm™. A high peak was seen at about 3340 cm? for the
CS/PVAIGE/ZnO/Lg bionanocomposites film, which contains 2% ZnO-NPs and different
loadings of Lemon grass nanoemulsion (Lg-NE). These overlapping absorption bands reflect
O-H vibrations and N-H stretching. Additionally, symmetric and asymmetric C-H vibrations
can be distinguished by the bands at 2910-2840 cm™. The amide | + amide Il groups are
responsible for the apparent absorption peaks that emerge around 1623 and 1553 cm™,
respectively.

Furthermore, C-O stretching vibration is mainly responsible for the band at 1022 cm™.
These observations show that the addition of ZnO nanocomposites improved the hydrogen
bonding in the CS/PVA/GE/ZnO/Lg bionanocomposite films, which may be the cause of the
better mechanical properties of the produced CS/PVA/GE/ZnO/Lg bionanocomposite films.
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Figure 5. FTIR of (a) CS/PVA/GE blend; (b) CS/PVA/GE/ZnO bionanocomposites as well as
CS/IPVA/GE/ZnO/Lg bionanocomposites containing different concentrations of Lg-NE; (c) 13.8 %; (d) 20%; (e)
25%.

3.4. Morphological evaluation of the prepared CS/PVA/GE/ZnO/Lg bionanocomposite films.

Figure 6 displays the morphology of the prepared CS/PVA/GE/ZnO/Lg
bionanocomposite films containing 2 % ZnO-NPs and different ratios of lemon grass
nanoemulsion (Lg-NE), which SEM evaluated. Figure 6a shows The SEM images of
CS/PVAI/GE blend where the surface of a ternary blend of chitosan, poly (vinyl alcohol), and
gelatin was comparatively smooth, representative of desired compatible bionanocomposites as
shown in (Figure 6a). Nevertheless, by adding 2% ZnO-NPs and different ratios of lemon grass
nanoemulsion (Lg-NE) to the CS/PVA/GE blend, significant modifications in the fabricated
CS/PVAI/GE/ZnO/Lg bionanocomposite film morphology, making the film surface to become
rough as recognized in (Figures 6 b, ¢, and d). Conversely, incorporating 2% and 4% ZnO-NPs
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into chitosan-gelatin nanocomposite revealed a smooth, compact, and heterogeneous surface
morphology compared to the control films without ZnO-NPs [40].

Furthermore, by raising the concentrations of Lg-NE into the bionanocomposite matrix,
the compatibility between the three-biopolymer increased, and the Lg-NE incorporated into the
polymer chains in the presence of ZnO-NPs, which leads to improved permeability, mechanical
and thermal properties of the prepared CS/PVA/GE/ZnO/Lg-NE bionanocomposite.

HY mag [J spot WD det HAY 1/17/2022 30 pm
20.00kv | 4000x 3.5 | 10.9mm BSED | 104 pm | 3:03:14 PM NRC(QUANTA FEG250)

b4

WD det | HRW | opm————— oy W mag O | D det | HRW 12022
| 11.0mm | BSED | 104 ym | 3:10:28 PM \ NRC(QUANTA FEG250) P 20.00kv 4000 | 3.5 mm  BSED 104 ym 05:59 PM NRC(QUANTA FEG250)

Figure 6. SEM image of (a) CS/PVA/GE blend, as well as CS/PVA/GE/ZnO/Lg bionanocomposites containing
different concentrations of Lg-NE; (b) 13.8 %; (c) 20%; (d) 25%.

3.5. The permeability evaluation of the prepared CS/PVA/GE/ZnO/Lg bionanocomposites

The water vapor transmission rate (WVTR) and the oxygen transmission rate (OTR) of
the fabricated CS/PVA/GE blend, as well as CS/PVA/GE/ZnO/Lg bionanocomposites films,
were studied using a water vapor permeability analyzer and GBI W303 (B) and N530 gas
permeability analyzer, respectively. It is famous that the water vapor and oxygen permeability
are substantial for promising the applicability of materials used for packaging applications,
particularly in foodstuff packaging. Therefore, the prevailing quantities of water vapor in
oxygen gas from the surrounding atmosphere into the food or fatalities from the food to the
surrounding atmosphere apply distinguished influence on the food from the constancy point
and the quality during the protection and the time of shelf-life. Table 3 shows the OTR and
WVTR of the fabricated CS/PVA/GE blend, as well as CS/PVA/GE/ZnO/Lg
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bionanocomposites. The obtained results from (Table 3) demonstrated that CS/PVA/GE blend
in the absence of ZnO-NPs and Lg-NE, which reveals greater WVTR compared with
CS/PVAIGE/ZnO and CS/PVA/GE/ZnO/Lg bionanocomposites, by adding 2% of ZnO-NPs
to the CS/PVA/GE blend the WVTR decrease from 2119.87 to 2013.56 g/(m?2.day). Also, by
adding different concentrations of Lg-NE into the prepared CS/PVA/GE/ZnO/Lg
bionanocomposites in the presence of 2% ZnO-NPs the WVTR declined from 2013.56
g/(m?.day) to 1986.20, 1848.31, and 1622.38 g/(m?.day), when using different loadings of Lg-
NE (13.8 %, 20%, and 25%), respectively.

Furthermore, the OTR is essential for the basic material for oxidation procedures, which
is responsible for changes in food flavor, odor, color, and nutrient worsening. Therefore,
CS/PVAIGE/ZnO/Lg bionanocomposites films that offer appropriate O barriers might assist
in emerging food shelf-life extension and food quality. By adding 2% ZnO-NPs and various
ratios of Lg-NE, the oxygen transmission rate (OTR) of the prepared CS/PVA/GE/ZnO/Lg
bionanocomposites films was emphasized. Moreover, The OTR of the fabricated
CS/PVAIGE/ZnO/Lg bionanocomposites was increased by higher loadings of different ratios
of Lg-NE and 2% ZnO-NPs in the CS/PVA/GE blend. Thus, the OTR of the fabricated
CS/PVAIGE/ZnO/Lg bionanocomposites films affectedly improved with adding of Lemon
grass nanoemulsion (13.8%, 20%, and 25%). The OTR augmented by (13.22, 20.26, and 23.50
g/(m?.day), respectively, similarly the OTR of the prepared CS/PVA/GE films is (8.45
g/(m2.day), which is less than the fabricated CS/PVA/GE/ZnO bionanocomposites films,
which revealed OTR equal (10.78 g/(mZ.day)) the enhancement of the OTR of the prepared
CS/PVAI/GE/ZnO/Lg bionanocomposites due to the presence of ZnO nanoparticles and the
lemon grass in the nanoform. The obtained results display the potential of CS/PVA/GE/ZnO/Lg
bionanocomposites films for use as packaging materials for the modified atmosphere of the
packaged materials.

Table 3. The permeability evaluation of the prepared CS/PVA/GE/ZnO/Lg bionanocomposites.

Samples ZnO-NPs, Lg-NE, OTR, WVTR,

% % g/m?.day g/m?.day

CS/PVAJ/GE blend 0.0% 0.0% 8.45 2119.87

CS/PVAIGE/ZnO 2% 0.0% 10.78 2013.56
bionanocomposites

CS/PVA/GE/ZnO/Lg 2% 13.8% 13.22 1986.20
bionanocomposites

CS/PVAIGE/ZnO/Lg 2% 20% 20.26 1848.31
bionanocomposites

CS/IPVAIGE/ZnO/Lg 2% 25% 23.50 1622.38
bionanocomposites

3.6. Mechanical studies of the prepared CS/PVA/GE/ZnO/Lg bionanocomposites.

The mechanical properties of the fabricated CS/PVA/GE blend, CS/PVA/GE/ZnO, and
CS/PVAIGE/ZnO/Lg bionanocomposites containing different concentration of Lg-NE was
described by tensile strength (TS) and elongation (E) tests. The characteristic tensile strengths
are stated in (Table 4). An improvement in the mechanical performance of the prepared
CS/PVAIGE/ZnO/Lg bionanocomposites associated with the CS/PVA/GE blend was detected.
Furthermore, the addition of 2% of ZnO-NPs inside the CS/PVA/GE blend matrix improved
the tensile strength (TS) from 3.3 MPa to 7.2 MPa, also the elongation increased from 22.6%
to 26.9% in the case of using 2% ZnO-NPs inside CS/PVA/GE blend. When the different
concentrations of Lg-NE in the presence of 2% ZnO-NPs content in the CS/PVA/GE/ZnO/Lg
https://biointerfaceresearch.com/ 15 of 31
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bionanocomposites matrix, a significant rise of the TS was remarked, the additional loadings
with 13.8, 20 and 25% of Lg-NE persuaded an improvement in tensile strength to 8.6, 9.3, and
10.4 MPa, respectively. Moreover, the elongation was enhanced by increasing the ratios of Lg-
NE in the CS/PVA/GE/ZnO/Lg bionanocomposites to 28.7, 33.2, and 40.5, respectively, when
using 13.8, 20, and 25% of Lg-NE into the bionanocomposites matrix. This tendency may be
accredited to the interaction between ZnO-NPs and CS/PVA/GE blend and lemon grass
nanoemulsion, which is a significant issue for enhancing the mechanical properties of the

fabricated CS/PVA/GE/ZnO/Lg bionanocomposites.

Table 4. Mechanical properties of the prepared CS/PVA/GE/ZnO/Lg bionanocomposites.

Samples ZnO-NPs, Lg-NE, Tensile strength, Elongation,
% % MPa %
CS/PVAJ/GE blend 0.0% 0.0% 33 226
CS/PVA/GE/ZnO bionanocomposites 2% 0.0% 7.2 26.9
CS/PVA/GE/ZnO/Lg bionanocomposites 2% 13.8% 8.6 28.7
CS/PVA/GE/ZnO/Lg bionanocomposites 2% 20% 9.3 33.2
CS/PVA/GE/ZnO/Lg bionanocomposites 2% 25% 104 40.5

3.7. Final contact angle of the prepared CS/PVA/GE/ZnO/Lg bionanocomposites.

The final contact angle was determined by a dynamic contact (OCAZ20) automated
instrument angle via distilled water drop on the CS/PVA/GE blend and CS/PVA/GE/ZnO/Lg

bionanocomposites containing different concentrations of LG-NE.
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Figure 7. The final contact angle of (a) CS/PVA/GE blend; (b) CS/PVA/GE/ZnO as well as
CS/PVA/GE/ZnO/Lg bionanocomposites containing different concentrations of Lg-NE; (c) 13.8 %; (d) 25%.

The final contact angles for CS/PVA/GE blend, as well as the CS/PVA/GE/ZnO/Lg
bionanocomposites loaded with various ratios of Lg-NE and 2% ZnO-NPs, were presented in
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(Figure 7). As declared in Figure 7, the final contact angle for CS/PVA/GE blend film was
88.1°, which exposed the occurrence of OH groups on the surface of CS/PVA/GE film.
Similarly, the final contact angle values for CS/PVA/GE/ZnO bionanocomposites increased
from 93.5° as ZnO-NPs content was 2%. Adding lemongrass in the nanoform to the
CS/PVAIGE/ZnO bionanocomposites increased the final contact angles to 106.9 and 118.5 by
increasing the ratios of Lg-NE from 13.8 to 25% in the presence of 2% ZnO-NPs in the
bionanocomposite matrix. The achieved results indicate that increasing the concentration of
Lg-NE confirmed an affinity to prevent the distribution of the water drop over the surface of
CS/PVA/GE/ZnO/Lg bionanocomposites resulting in a rise of the surface hydrophobicity, as
shown in (Figure 7).

3.8. Thermal properties evaluation of the prepared bionanocomposites.

The thermal stability of the prepared CS/PVA/GE/ZnO/Lg-NE bionanocomposites was
assessed using a TGA instrument. Thermal stability was essential and deliberated as one of the
main evaluations for materials used in food packaging applications since it is significant for
packaging materials to control their processing temperature range and usage. Thus, the thermal
stability of the prepared CS/PVA/GE blend and CS/PVA/GE/ZnO/Lg bionanocomposites were
evaluated using thermal gravimetric analysis (TGA) from 25 to 600°C under air atmosphere,
as revealed in Figure 8. All samples follow a similar decomposition trend. The CS/PVA/GE
blend and CS/PVA/GE/ZnO/Lg bionanocomposites exhibited a three-step weight loss. The
first minor weight loss (10%) step in the TGA curve below 100°C was attributed to the water
evaporation of all samples. The second chief degradation step concerning rapid loss in weight
between 150 and 470°C was assigned to the composite dehydration of the saccharide rings,
depolymerization, and decay of the acetylated and deacetylated units of the polymers [45].
Moreover, the CS/PVA/GE/ZnO/Lg bionanocomposite displayed more thermal stability than
CS/PVAIGE bDblend, and the char remains higher for the CS/PVA/GE/ZnO/Lg
bionanocomposite that associated with the attendance of ZnO-NPs in the bionanocomposite
matrix. Also, the thermal stability was increased by increasing the loadings of lemon grass
nanoemulsion (Lg-NE) in the presence of constant ratios of ZnO-NPs, as revealed in (Figure
8). In contrast to these results, Nunes et al. [46] found that adding lemon nanoemulsion to
gelatin film decreased the heat resistance due to lowering the gelatin matrix's
intra/intermolecular protein interaction.
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Figure 8. TGA curve of (a) CS/PVA/GE blend, as well as CS/PVA/GE/ZnO/Lg bionanocompaosites containing
different concentrations of Lg-NE; (b) 13.8 %; (c) 20%; (d) 25%.
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3.9. Gel swelling property.

As shown in (Figure 9), it was clear that the highest swelling degree was found in T.H.
"which did not contain neither Lg-NE nor ZnO-NPs" this may be owing to the hydrophilic
characteristics of CH, PVA, and GE. However, T.A., which contains the highest Lg-NE"
revealed the lowest swelling degree among all nanocomposite films being studied. It was
obvious that all nanocomposite films incorporated with Lg-NE and ZnO-NPs had a lower
swelling degree than those which did not contain Lg-NE or ZnO-NPs "T.H.". These results
were in agreement with those reported in the contact angle and permeability tests.
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Figure 9. Gel swelling degree for CS/PVA/GE/ZnO/Lg bionanocomposite films.

3.9. Release of the Lemon grass essential oil from the nanocomposite film.

Figure 10 illustrates that the initial release of Lemon grass oil from
CS/PVAI/GE/ZnO/Lg bionanocomposites was started within 1st hour of the experiment and
showed marked release in the oil till the 2nd day of storage, followed by slow and sustained
release (up to 286 h) throughout times of experiment. Generally, the release of Lg-EO from the
prepared nanocomposite into the food simulant is relatively slow.
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Figure 10. Oil Release Test for CS/PVA/GE/ZnO/Lg bionanocomposite film.

The causes of this phenomenon are due to the polarity of the film's component, the
aldehyde group of the Lg-EO, and amino acid residues of the gelatin polymer chains can form
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hydrogen bonds. Therefore, the antibacterial agent is not easy to be released from the films due
to the large intermolecular force between CH, PVA, GE, and Lg-EO. The film showed less
release rate due to properties such as high crystallization, high molecular weight, more
structural density, and stronger connections with biopolymer chains, which is similar to the
results reported by Aziz and Almasi [47].

3.10. Antimicrobial activity of Lemon grass essential oil and its nanoemulsion.

The obtained MIC and MLC of lemon grass essential oil and its nanoemulsion are
presented in Table 5. For the tested Gram +ve bacteria, Listeria monocytogenes, MLC values
of raw oil and its nanoemulsion were 2.5 and 0.625 pl /mL broth, while their MIC values were
1.25 and 0.31 pl /mL broth, respectively. For raw lemongrass oil, the obtained MIC was higher
than that found by Barbosa et al., [48] MI1Cyqq,= 0.05% v/v; but lower than that found by T.
L. C. de Oliveira et al., [49] "1.56%." As well, Cui et al. [50] reported higher values for MIC
and MLC "0.5 mg/mL and 1.0 mg/mL, respectively”. Regarding the tested Gram —ve bacteria,
Salmonella Typhimurium, it was observed that lemon grass essential oil and its nanoemulsion
had MLC values of 3.21 and 1.25 pul/mL broth and MIC values of 1.56 and 0.62 pl/mL broth,
respectively. The previous result was proved to be less than that recorded by Hammer et al.
[51], who found a MIC value of 0.25 (% v/v), and Tayel et al. [52], who found a MIC value of
550 micro g/mL.

Table 5. Minimum inhibitory concentration (MIC) and Minimum lethal concentration (MLC) of lemongrass
oil (LGO) and its nanoemulsion (Lg-NE)

Antimicrobial MLC, MLC,
agent (ul/ mL) (pl / mL)
Listeria Salmonella Listeria
Salmonella Monocytogenes Typhimurium Monocytogenes
Typhimurium
LGO 1.56 1.25 321 2.50
Lg-NE 0.62 0.31 1.25 0.63

It was noted that the oil's MIC and MLC values and nanoemulsion were higher for
Salmonella Typhimurium (Gram — ve bacteria) than for Listeria monocytogenes (Gram +ve
bacteria). These results were in agreement with Burt [53], and this may be due to the differences
between the cell wall structures in both of them. Specifically, Gram-negative bacteria have
more complex cell walls and outer membranes, so they act as barriers against antimicrobial
compounds leading to higher resistance [54]. The MIC and MLC values of the nanoemulsion
form were lowered than those reported for its raw form. This may be due to the reduced droplet
size of the nanoemulsion showing enhanced antimicrobial efficacy due to their increased
surface areas and its passive transport through the outer cell membrane [55-57].

3.11. Application of the prepared CS/PVA/GE/ZnO/Lg-NE bionanocomposites on chilled
chicken meat samples for evaluating their physicochemical and microbiological effects.

3.11.1. Physicochemical evaluation of chicken meat samples.

3.11.1.1. Sensory evaluation.

The data presented in (Fig. 11) clarify the changes that happened to the sensory profile
of packaged chilled chicken meat samples throughout the storage period. It was clear that at 0
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times, all treatments were bright pink in color, shiny, wet, and not sticky, recovered
immediately, and had a fresh smell (score 5). After 24 h, the score decreased to score 3 (red,
dull, non-wet but sticky, recovered slowly and a little off-flavor) for the control sample to a
score 4 (pink, a little shiny, little wet but not sticky, recovered slowly, no abnormal odor) for
treatments T.C, T. D, T.F, T. G, and T. H, while samples of treatments T.A, T.B, and T.E kept
sensory score of 5. On the third day, the control sample became sensorial unacceptable (score
1). Samples of treatments T.G and T.H got scores of 3, while the other treatments all displayed
scores of 4. on day 5 of storage, only treatments T.A, T.B, and T.E kept score 4, whilst other
treatments became unacceptable (score 2). As well, T. A and T. B were rejected on the 7th day
of storage (the end of the experiment).
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Figure 11. Sensory evaluation of chicken meat wrapped by the prepared CS/PVA/GE/ZnO/Lg
bionanocomposites.
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Overall, T.A and T.B, which have the highest ratios of Lg-NE, showed the best
influence on the sensory characteristics of the packaged chilled chicken meat samples. Using
the oil in the nano form showed no impact on the odor of the packed sample either in its raw
state or after cooking and enhanced the general physical condition. Moreover, the results stated
by Kim et al. [58]. Ahmad et al. [59] and Tayel et al. [52] were in agreement with the current
results. However, T. L. C. de Oliveira et al. [49] declared that directly adding lemon grass
essential oil into bovine ground meat at concentrations higher than 1.56% produces undesirable
changes in taste, odor, and characteristic color. In addition, Kamona and Alzobaay [60] found
that lemongrass essential oil improved the sensorial properties, color, texture, flavor, taste, and
overall acceptability of fish meatballs.

3.11.1.2. Determination of pH.

Figure 12a illustrates that the initial pH value of the fresh samples (controls and
treatments) was 6.32 (time zero). Twenty-four hours later, the pH decreased to in the range of
5.81 to 6.69. After 3 days, samples of treatments T.B, T.C, and T. E showed the lowest pH
values of 6.01, 5.8, and 5.89, respectively. On the fifth day, the pH of T.A, T.B, and T.E were
6.07, 6.2, and 6.05, respectively, while samples of other treatments were sensory unaccepted.
At the end of the storage period T.A, T.B, and T. E showed values lower than those reported
at 0 times. Generally, wrapping samples with CS/PVA/GE/ZnO/Lg bionanocomposites
enhanced their pH values throughout the storage period. Similar findings were proved by
Ahmad et al. [59] and Kieling et al. [61].

3.11.1.3. Determination of Thiobarbituric Acid Reactive Substances (TBARS).

The results of thiobarbituric acid reactive substances (TBARS) of chilled poultry meat
samples wrapped with or without nanocomposite films are presented in Figure 12 b. It was
obvious that the TBARS value of samples showed an oscillation over storage time but did not
exceed the permissible limit (0.9 mg malonaldehyde/kg sample). Lower values of TBARS were
recorded in samples of T.B and T.E at the end of the storage period (fifth day) than their initial
values, which indicated that lemongrass nanoemulsion had an antioxidant effect reducing the
thiobarbituric acid reactive substance value. The reduction in TBARS value could be explained
by the low oxygen permeability characteristics of nanocomposite films incorporated with LG
NE besides its antioxidant activity [62]. As well, lemon grass essential oil act as an effective
free radical scavenger and metal chelating agent, interrupting the lipid oxidation chain reaction
[63].

Similar outcomes were obtained by Olorunsanya et al. [64], Ahmad et al. [59], and
Kieling et al. [61], who proved that lemongrass essential oil had a reduction effect on TBARS
value. Samples wrapped with CH/PVA/GE/ZnO-NPS film (T. G) and CH/PVA/GE film (T.
H), regardless of LEO incorporated, showed a reduction in TBARS values superior to that
recorded in the control sample proved that the film components have an antioxidant effect,
which agreed with the results of Ahmad et al., [59] and Singh et al., [65]. Overall, it could be
concluded that lemongrass essential oil has an antioxidant effect that is consistent with the
findings of numerous studies [66—-70].

https://biointerfaceresearch.com/ 21 of 31


https://doi.org/10.33263/BRIAC136.573
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.573

3.11.2. Microbiological examination of chicken meat samples wrapped with the prepared
bionanocomposite films.

3.11.2.1. Total yeast count.

As presented in Figure 12 c, the initial total yeast count of all tested samples and control
was 3.334 log CFU/qg. After 24 h, a marked reduction occurred in yeast count in all treatments
except in T.D, which showed an increase in the count by one log and control increased by 2
logs. The reduction rate in treatmentsof T. A, T. B, T.C, T. E, and T. F were 33.5, 8.99, 19.79,
8.99, and 73.78%, respectively. At the same time, the T. G and T. H revealed no changes in the
count. Following that, on the third day of storage, the count increased in samples of T. B, T. C,
T. D, and T. H treatments by approximately 1:2 log CFU/g while it remained constant in
samples of T. F and T.G and continuously decreased in samples of T.A and T.E. Finally,
treatment A showed a continuous decline. However, T. B and T. E revealed a prominent
increase in the count on the fifth day of storage. Simultaneously, the other treatments were
rejected organoleptically and were removed from the trial.

Generally, some treatments; that had the highest lemongrass percentage; showed a
sustained decline in the yeast count throughout the entire trial (T. A and T.F). In contrast, T. D
and T. | showed a continual increase in the count throughout the experiment. However, other
treatments showed some oscillation in their count throughout the trial (T. B, T. C, and T. E).
Additionally, T. G showed the same count throughout the entire trial period.

In conclusion, the previous outcome indicated that the perfect treatment for the
reduction of total yeast count throughout the storage time was T. A. It is indicated that the
nanocomposite film's efficiency improved by increasing the concentration of lemon grass
nanoemulsion incorporated within the prepared film. These results were in agreement with
those of Sacchetti et al. [71] and Naik et al. [72].

3.11.2.2. Total mold count.

As illustrated in Figure 12 d, the initial total mold count was 3.49 log cfu/g for all
treatments.
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Figure 12. Chemical and Microbiological examination of chicken meat samples wrapped by the prepared
bionanocomposite films.
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After 24 h, most treatments showed a rise in the total mold count except T. Cand T. F,
which revealed a prominent decline in the count with a reduction rate of 59.3 and 43.26%,
respectively. In contrast, T. G and T.H showed no change in the count. Examination of the
samples on the third day of storage revealed that five treatments (T.A, T.B, T.C, T.D, and T.E)
out of nine had a decline in the count, whilst T. F and T.H showed no change in counts to those
documented at the previous examination. Furthermore, T. G had a slight increase in the count
on the third day. However, control became unaccepted organoleptically and was removed from
the trial. On the fifth day, an increase in the count was declared in treatments T.A, T. B, and T.
E, whereas other treatments were unaccepted organoleptically and discarded.

Generally, it was noticed that treatments T. C and T.F showed a continuous decline in
the count until their sensory spoilage with a reduced rate on their third day of 87.96 and 43.26%,
respectively. Treatment T. H revealed a constant count throughout the experiment, whereas T.
G revealed a constant value during the first two examinations, then showed a slight increase on
the third day. It was noticed that the blank films, despite containing neither lemongrass
nanoemulsion nor ZnO-NPs, prevented mold growth and ceased their multiplication. The
obtained results indicated that Lg-NE incorporation within the prepared nanocomposite films
enhanced their antifungal effect. Furthermore, many studies agree with the previous results
[73-76]. Cofelice et al. [77] mentioned that Lemongrass nanoemulsion had an inhibitory effect
on Rhizopus spp., Penicillium expansum and Aspergillus niger.

3.12. Challenge study.

3.12.1. Effect of the prepared bionanocomposites on Salmonella Typhimurium count:

Variations in the value of salmonella count during refrigerated storage are presented in
(Figure 13a) the initial count in the control sample and treatments was 6.18 log cfu/g. After 24
h, all treatments had a prominent decline in the count except for T. A and T. G, which showed
an increase in their count. The reduction rates were 43.36, 18.9, 24.75, 27.99, and 9.38% for
treatments T.B, T.C, T.E, T.H, and T.I, respectively. Nevertheless, on the third day of storage,
all treatments, T. A, T. B, T.C, T.E, T.G, and T. H, showed a marked decrease in the count,
with a reduced rate of 40.12, 49.93, 34.14, 45.79, 31.06, and 39.32%, respectively. It was also
observed that all treatments on the fifth day of storage had counts lower than those observed at
zero time with reduction rates of 30.42, 33.65, 9.54, 49.83, 29.61, and 30.9%, respectively, and
15.85% for the control sample. A reduction in the count was observed in the control samples.
However, the reduction rate was lower than that reported for the treatments, especially for T.A,
T.B, and T. E. After 7 days of storage also, all treatments had counts lower than their initial
count with variation in the reduction rate, which ranged from a minimum value of 14.88% for
T. A to a maximum value of 59.54% for T. E. Simultaneously, the control treatment became
unacceptable organoleptically and was rejected. Ten days after the beginning of the trial, most
treatments (T.C, T.E, T.G, and T.H) had counts higher than those at the previous examination.
However, the count was lower than that reported at zero time, with reduced rates of 35.76,
44.98, 33.65, and 42.23, respectively. T.A. revealed that the Salmonella count on the tenth day
of storage was lower than the previous examination, with a reduced rate of 35.27% from its
count at zero time.

At the end of the storage period, it was obvious that most treatments (T.A, T.C, and
T.E) increased in the count than the previous examination but were still lower than the initial
count with reduction rates of 23.95, 28.64, and 30.58%, respectively. It was observed that the
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reduction rate increased with the increase in the oil nanoemulsion concentration. Consistent
with the previous result, Tayel et al. [52]; Kim et al. [58], and Oh et al. [78] documented that
lemon grass nanoemulsion or extract has an inhibitory effect on Salmonella Typhimurium.
Additionally, Dewi et al. [79] mentioned that lemongrass essential oil was effective against
Salmonella Heidelbeg in vitro and on the pathogen's attachment to poultry skin and meat. As
well, gelatin nanofibers with lemongrass essential oil (Gt/LEQO) showed a 96.63% inhibition
rate against Salmonella Typhimurium [80].

3.12.2. Effect of the prepared bionanocomposites on Listeria monocytogenes count.

The data presented in (Figure 13b) describe the changes in Listeria monocytogenes
count in chicken meat samples wrapped with the prepared nanocomposite films throughout the
storage period at 4°C.
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Figure 13. Total Salmonella Typhimurium and Listeria monocytogenes count of chicken meat samples wrapped
by the prepared CS/PVA/GE/ZnO/Lg bionanocomposites.
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The initial count (zero time) was 4.98 log cfu/g for the control and other treatments. All
treatments showed a weak reduction rate throughout their storage period, which extended to 10
days for T.A; 7 days for T.B and T.C; 5 days for T.E and T.G. However, T.H. and T.I were
rejected organoleptically on the third day of storage and showed no reduction in the count,
whereas T.A showed the highest reduction rate (4.8%) on the fifth day of storage. Our findings
were in partial compliance with the previous studies, as the higher concentration of the
nanoemulsion showed a slight inhibitory effect on the growth of Listeria monocytogenes. At
the end of the storage, T. A exhibited a higher count than that on the fifth day and at zero time.
The previous findings proved that lemongrass essential oil has bactericidal activity against L.
monocytogenes [50,68,81-85].

4. Conclusions

In the current work, the lemon grass nanoemulsion (Lg-NE) and Zinc oxide
nanoparticles (ZnO-NPs) were prepared and characterized by dynamic light scattering (DLS)
and TEM analysis to confirm their nanoform with particle size around 335 nm for ZnO-NPs
and 378 nm for Lg-NE by DLS. Furthermore, nanocomposite films CS/PVA/GE/ZnO/Lg were
prepared with different ratios of Lg-NE by solution and casting technique. The prepared films
were characterized using XRD, FTIR, and SEM, which indicate interactions between various
components of the biodegradable film. In addition, the thermal, mechanical, and permeability
characteristics of CS/PVA/GE/ZnO/Lg-NE bionanocomposite and blank films were assessed.
It can be concluded that by raising the concentration of Lg-NE in the bionanocomposite matrix,
the compatibility between the three-biopolymer and the Lg-NE incorporated into the polymer
chains in the presence of ZnO-NPs, increased, which leads to improving oxygen permeability
from 8.45 to 23.50 g/m2.day, the Tensile strength was improved from 3.3 MPa for CS/PVA
blend to 10.4 MPa for CS/PVA/GE/ZnO/Lg-NE containing 25 % of Lg-NE and thermal
properties of the prepared CS/PVA/GE/ZnO/Lg-NE bionanocomposite was enhanced by the
addition of Lg-NE from13.8 %, d) 25%. The prepared CS/PVA/GE/ZnO/Lg-NE films
enhanced the sensory characteristics of the chilled chicken meat parts, as well it revealed
antioxidant, antibacterial, and antifungal influences on the wrapped samples. As well as, films
have lowered the population of the tested pathogenic food microorganisms, Listeria
monocytogenes, and Salmonella Typhimurium, throughout the storage period. Moreover, it was
proved that there is a synergistic effect between Lg-NE and ZnO-NPs, enhancing the film's
characteristics and antimicrobial effect on chilled chicken meat parts.
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