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Abstract

Beef meat is highly susceptible to microbial and chemical spoilage due to its high moisture and protein
content. The use of edible coatings contains herbal extracts with antioxidant and antibacterial properties that
help to extend the shelf life of meat products. In this study, the effect of chitosan film coating with zinc oxide
nanoparticles at 0,4 mg and thyme and clove essential oil at 400 ppm, and their combination on chemical
properties (Total volatile nitrogen (TVN) , thiobarbituric acid (TBA) and pH value) as well as, microbial (total
bacterial count and coliform group count) of beef burger and beef Kofta were studied up to 12 day of
refrigerated storage period compared to the control sample. The results of GC/MS revealed that thymol
(46.48%) was the highest chemical compound in thyme volatile oil. While Eugenol (24.00%) was the highest
one chemical compound in clove volatile oil. Essential oils and nanoparticles were examined for their
antimicrobial properties against two mould strains and four bacterial strains that are most commonly found in
meat and meat products. The two essential oils' inhibitory effects could be arranged as follows: thyme> clove >
and followed with zinc oxide nanoparticles and chitosan nanoparticles. Statistical results showed that the rate of
increase in TVN, TBA and pH of all coated treatments were lower than control in beef burger and beef Kofta.
Microbial analysis results showed an decrease trend in the growth of different bacteria in chitosan film treated
combined with ZnNPs/ thyme and ZnNPs/ clove compared to the control sample during chilled storage.
Beef burger and beef Kofta coated by chitosan film treated with ZnNPs/ thyme or ZnNPs/ clove displayed a
longer shelf life compared to other samples.

Key words: Antimicrobial, zinc oxide nanoparticles, beef burger, beef Kofta, chitosan, edible, coting, thyme,

clove.

Introduction

In general, meat-based foods have very low
microbial and oxidative stability and are easily
exposed to microbial and chemical spoilage during
the production and storage chain (Mojaddar
Langroodi et al., 2021). Therefore, improving the
storage life of fresh meat is one of the important
challenges of the meat industry which has attracted
the attention of many researchers in recent years (do
Santos Junior et al., 2020 and Sepahvand et al.,
2021). In this regard, the use of biopolymeric-based
coatings and films is proposed as an important
solution due to their barrier, mechanical, optical, and
biodegradability characteristics (Bagheri et al., 2019
and Molayi et al., 2018).

The use of biopolymers in the forms of coating
which can restrict oxygen availability, prevent
moisture loss, and thereby can increase the shelf life
of many products in many researches (Bageri et al.,
2020 and Martiny et al., 2020). The effectiveness of
such coatings can be remarkably increased by
incorporating  antimicrobial and  antioxidant
compounds in their matrix to maintain high
concentrations of these substances on the surface of
coated products which are more susceptible to
bacterial infestation (Akhavan et al., 2021).

Essential oils (EOs) are secondary metabolites
of plants, herbs and spices Oussalah et al. (2006).

EOs and plant extracts are commonly used as natural
antioxidant, antimicrobial and flavoring agents to
enhance the product quality in addition to extend
shelf life by delaying microbial and oxidative
reactions (Ghanbari et al., 2020). However, they
may have undesirable influences on sensorial
properties of meat products in relatively high
concentrations (Rezaeifar et al., 2020). A promising
approach to overcome this restriction is application
of packaging materials as carrier of these agents
(Hashemi et al., 2020). Recently, incorporation of
EOs and plants extracts into the edible coating and
films, named as active packaging, has been
investigated in several studies for preservation of
food products (Vasilatos and Savvaidis 2013;
Langroodi et al.,, 2018 and Chaleshtori and
Chaleshtori, 2017).

Edible films and coating manufactured from
natural components like proteins, polysaccharides
and lipids, or their combination, are excellent
alternatives of non-biodegradable plastics used
commonly in food packaging because they are
biodegradable, edible, environmental friendly and
have low prices (Esmaeili et al., 2021). Chitosan is a
linear, non-toxic, biocompatible and biodegradable
polysaccharide produced through deacetylation of the
chitin existed in the crustacean shells (Hashemi et
al., 2020). It is well known as an antimicrobial and
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antioxidant compound that is identified as generally
recognized as safe (GRAS) (Gokmen and Gurbiz,
2011). This biopolymer can successfully be used for
production of edible films and coatings for food
packaging (Montafio-Sanchez et al., 2020).

Recently, nanotechnology invades the world
and has become increasingly important in the
biomedical and pharmaceutical areas. This brought
great opportunities for the development of materials
with new properties as antimicrobial agents (Roco,
1999). Most antibacterial inorganic compounds are
metallic nanoparticles and metal oxide nanoparticles
such as silver, copper, titanium oxide, and zinc oxide
(ZnO) (Bradley et al., 2011).

ZnO nanoparticles have been extensively used
in many industrial areas such as pharmaceutical,
cosmetic and food industries (Deng et al., 2008).
Recently, zinc oxide is incorporated into packaging
materials as antimicrobial agent. They can play an
important role in reducing the risk of pathogen
contamination and extending the shelf life of food
(Espitia et al., 2012).

In meat packaging, ZnO nanoparticles
effectively control both Gram-positive and Gram-
negative bacteria, fungi, algae, and viruses related to
electrical, catalytic properties and thermal stability,
(Carbone et al., 2016). These nanoparticles have
multifunctional effects: high antimicrobial efficacy,
piezoelectricity, optical transparency, and electrical
conductivity. They also provide UV protection, (Kim
et al., 2022). ZnO nanoparticles are used in active
packaging as an antimicrobial agent since they help
maintain meat quality, especially by controlling color
and fat oxidation. They may affect flavor, but are
considered safe by the FDA (Panea et al., 2014).

Therefore, the present study aimed to
evaluate the antibacterial effect of ZnO nanoparticles
in fresh beef burger and beef Kofta.

Materials and Methods

2.1 Material:
2.1.1. Raw material:

Thyme, rosemary, clove and cinnamon bark,
pure oils were obtained from Sugar Industrial
Integrated Company (SIIC) Cairo, Egypt. Fragrance
and extraction factory. Fresh beef meat was obtained
from local market in Kaha City, Qalyoubia
Governorate, Egypt, and immediately transported in
ice box to the laboratory, then carefully cut into
fillets and finally weighed until use. Spices mixture,
were obtained from the local market in Toukh City,
Qalyoubia Governorate, Egypt. Other ingredients
such as texturized Soy were obtained from Food
Technology  Research  Institute,  Agricultural
Research Center, Giza, Egypt. Salt, fresh eggs, bread
crust, ground onion, foam plates and polyethylene
film were obtained from the local market in
Qalyoubia Governorate, Egypt.

2.1.2. Chemicals:

Zinc oxide nanoparticles powder (average
particle diameter of about 50 nm); Tween 20 and 2-
thiobarbituric acid were procured from sigma-
Aldrich Chime, Steinheim Germany, While, chitosan
powder was obtained from ROTH Company,
Germany. Hydrochloric acid, magnesium oxide,
ethanol, sulfuric acid, sodium hydroxide,
tripolyphosphate (TPP) and acetic acid were obtained
from El-Nasser pharmaceutical Chemical Company,
Egypt.

2.1.3. Bacterial strains:

Faculty of Agriculture at Ain Shams University
in Egypt's Cairo Microbiological Resources Center
(Cairo MIRCEN) provided the bacterial strains. The
test microorganisms were Bacillus cereus ATCC
33221, Escherichia  coli ATCC 25922,
Staphylococcus aureus ATCC 12600, Salmonella
typhimurium ATCC14028, were assessed for
experiments of antimicrobial activity.

2.1.4. Microbiological media:

Nutrient agar medium and violet red bile
agar medium were obtained from Biolife Company,
Italy and the agent in Egypt, Al-Badr Engineering
Company.

2.2. Technological processing:
2.2.1. Preparation of films:

Firstly, the chitosan solution (0.4 mg/100 mL
final film solution) was prepared by the dissolution
of chitosan powder in distilled water under stirring at
45 °C for 30 min. Then, chitosan were produced
based on ionic gelation of tripolyphosphate (TPP).
For this purpose chitosan was dissolved in acetic acid
aqueous solutions at 1% (w/v). ZnO NPs (0.4
mg/100 mL final film solution) were dispersed in
distilled water for 15 min. Essential oils were added
in concentrations from (400ppm ; v/w). The prepared
films and ZnO NPs and essential oils dispersions
were mixed with the chitosan solution and stirred at
25 °C for 30 min in 1000 rpm. Then, glycerol as
plasticizer (1 g/100 mL final film solution) was
added into the prepared mixture. At the same time,
the chitosan solution was mixed and stirred for 1 h at
room temperature. After that, the obtained mixtures
were cast on plastic Petri dishes and dried at room
temperature for 3 days. Prior to testing, the dried
films were placed in a desiccator with 55% relative
humidity at 25 °C for 4 days as modified by
(Sahraee, et al., 2017 and Jebel and Almasi, 2016).
2.2.2. Treatment of beef burger and beef Kofta
samples:

The beef burger formula consisted of 63%
lean meat, 12% rehydrated texturized soy (it was
rehydrated by water at a ratio of 1:2 w / v) and
minced through 3 mm plate twice, 7% fresh eggs, 5%
fresh onion, 1.5% salt, 1.8% spices, 3.7% bread crust
and 6% ice water, according to Feiner (2006) and
Nageb (2015).The mixture of spices was prepared
according to Bahlol and Abd El-Aleem (2004). The
beef burger treatments were prepared as following in
Table (I). All beef burger samples were packaged in
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a foam plates and stored at 4+1°C up to 16 days.
While beef Kofta that, beef meatballs were prepared
by mixing the ingredients (70% beef meat, 12% fat,
9% flour, 2.1% common salt, 1.2% onion, 1% garlic
powder and spices mixture 1.2% (black pepper,
cumin, ginger powder, nutmeg and turmeric

powder)] in mincer to obtain meat dough, according
to Mohamed et al. (2020).The beef Kofta treatments
were prepared as following in Table (Il). The
samples were taken for analysis every 3 days
periodically.

Table 1. Experimental treatments of beef burger treated with different films:

Treatments Explantation

Ch film

Ch film/ZnNPs
Ch film/ thyme
Ch film/ clove
Ch film/ZnNPs/

thyme essential oil at 400 ppm
Ch film/ ZnNPs/
clove essential oil at 400 ppm

Beef burger sample with chitosan film at 0,4 mg/100 ml (control)

Beef burger sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml
Beef burger sample chitosan film with thyme essential oil at 400 ppm

Beef burger sample chitosan film with clove essential oil at 400 ppm

Beef burger sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml and thyme

Beef burger sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml and clove

Table 2. Experimental treatments of beef Kofta treated with different films:

Treatments Explantation

Ch film

Ch film/ZnNPs
Ch film/ thyme
Ch film/ clove
Ch film/ZnNPs/

Beef Kofta sample with chitosan film at 0,4 mg/100 ml (control)

Beef Kofta sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml

Beef Kofta sample chitosan film with thyme essential oil at 400 ppm

Beef Kofta sample chitosan film with clove essential oil at 400 ppm

Beef Kofta sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml and thyme

thyme essential oil at 400 ppm
Ch film/ ZnNPs/ Beef Kofta sample chitosan film with zinc oxide nanoparticles at 0,4 mg/100 ml and clove
clove essential oil at 400 ppm
2.3. Methods: The effect of different concentrations of

2.3.1. Gas chromatography—mass spectrometry
analysis (GC-MS)

The GC-MS system (Agilent Technologies)
was equipped with gas chromatograph (7890B) and
mass spectrometer detector (5977A) at Central
Laboratories Network, National Research Centre,
Cairo, Egypt, according to Abd EI-Motaleb et
al.(2021).

2.3.2. Total volatile nitrogen and thiobarbituric
acid value:

Total volatile nitrogen (T.V.N) as mg/ 100
mg according to Harold et al. (1987). The TBA as
an indication for lipid oxidation was determined as
reported by Kirk et al. (1991) as mg malonaldehyde
/kg sample.

2.3.3. pH value:

The pH of prepared sample was measured
using a pH-meter (model Consort P107 pH meter)
with the technique by Fernandez-Ldpezet et
al.(2006).

2.3.4. Microbiological examinations:
2.3.4.1. Microbiological examination:

According to established procedures for
total count, ten grams of each sample were put to a
culture medium (1: 10™ to 1: 10 and homogenized
for two minutes in a stomacher) (ISO 4833:2013-1
protocol). The plates were incubated at +4°C for 5
days and coliforms group (1SO 21528-2:2004).
2.3.4.2. Antimicrobial activity of volatile oils:

volatile oils (400 and 600pm) on bacteria growth was
studied using the paper-disc plate method, according
to Loo et al. (1945) and Hassanen et al., (2015), by
gauging the inhibitory zone's diameter.

2.3.5. Sensory evaluation of beef burger and beef
Kofta:

Sensory evaluation was carried out to all
samples which fried in a pan containing a little
sunflower oil for 2 min for each side. Fried beef
burgers were left to cool at room temperature before
being subjected to organoleptic evaluation. Panel
members were asked to evaluate different treatments
and requested to score their quality attributes: color,
odor, taste, tenderness, juiciness and overall
acceptability on a 10 points. The scoring scheme was
established as mentioned by Nageb (2015).

2.3.6. Statistical analysis:

The obtained results were analyzed using
comparison of variance (ANOVA) and least
significant different (L.S.D) at the 5% level of
probability; as reported by Snedecor and Cochran
(1994).

3. Results and Discussion
3.1. Chemical composition of beef meat:

The obtained data showed that fresh beef
meat contained 72.86% moisture, 21.14% crude
protein, 4.63% crude fat, 1.06% total ash and 0.31%
total carbohydrates (on wet weight basis). Also, data
revealed that, total volatile nitrogen was 9.23 mg
/100 g, thiobarbituric acid was 0.280 mg
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malonaldhyde /kg, pH values 6.11. These results are
in agreement with those obtained by Mohammed et
al. (2020), reported that chemical composition of
beef meat 71.52% moisture, 20.64% crude protein,
6.83% fat and 1.53% ash .Microbiological
examination could be noticed that fresh beef meat
contained total viable bacterial count was 3.4x10*
and coliform group count was not detected. These
results are in agreement with those obtained by
Mohammed et al. (2020), reported that TBC of beef
meat samples were 3.26 log;, CFU /g and E. coli
was 0.00 log,o CFU /g.

3.2. GC/MS characterization of the studied
essential oils:

The chemical composition of the essential
oils, which were isolated using GC-MS, is shown in
Table 3, it could be noticed that, eleven compounds
were ielentified from thyme volatile oil. The
identified components represented (92.76 %) from
the thyme volatile oil. Thymol, p-Cymene, Linalool,
Carvacrol and vy-Terpinene were the chemical
elements that were most prevalent in thyme volatile
oil which constitute 84.2% of the total identified
compounds. Thymol (46.48%) was the highest
chemical compound in thyme volatile oil. However,
y-Terpinene (3.75%) was the lowest one among the
most prevalent chemical elements in volatile thyme
oil. These outcomes are consistent with Mutlu-
Ingok et al. (2021) which proved that, thymol was
the main component (46.4%) in thyme EO. The p-
cymene (23.3%), Linalool (6.3%) and carvacrol
(4.6%) were also detected in significant amounts in
our study. Fadel et al. (2020); Varga et al. (2015)

and Boruga et al. (2014) found thymol (47.59%) as
major components in Thymus vulgaris essential oil.
GC/MS characterizations of clove volatile
oil was presented in Table 3, 18 volatile components
were identified from clove volatile oil could be seen.
The identified components represented (97.55%)
from the clove wvolatile oil. Eugenol, a-
Caryophellene, B-Caryophellene, Aromadendrene
oxide Eugenol acetate, Trans-Caryophellene and a-
farnesene were the most prevalent chemical
compounds in clove volatile oil, Eugenol(24.00 %)
was the highest chemical compound in clove volatile
oil. However, Trans Caryophellene (5.09 %) was the
lowest one among the most prevalent chemical
elements in volatile clove oil. These outcomes are
consistent with Fadel et al. (2020) who, reported that
the seven volatile compounds identified in the
hydrodistilled oil of clove buds were representing
99.9% of the total oil and Eugenol was the major
compound (89.9%) followed by eugenyl acetate
(7.9%), b-caryophyllene (1.4%) and ahumulene
(0.4%). On other hand, GC/MS characterizations of
cinnamon volatile oil was presented in Table 3, 17
volatile components were identified from cinnamon
volatile oil could be seen. The identified components
represented (90.81 %) from the cinnamonvolatile oil.
a-Cinnamaldehyde, Benzaldehyde phenyl menthanol,
Cinnamaldehyde (E), Benzaldehyde, 2- hydroxyl,
Styrene (cymene), Spathulenol, Nerolidol and
Cinnamic alcohol were the most prevalent chemical
compounds in cinnamon volatile oil, a-
Cinnamaldehyde (26.11 %)of the total chemical
compounds was the highest compound. However,
cinnamic alcohol (3.04 %) of the total chemical
compounds was the lowest one among the most
prevalent chemical elements in volatile cinnamon oil.

Table 3. Chemical components (%) of thyme, clove, cinnamon and rosemary essential oil identified by

GC/MS:
Thyme Clove Cinnamon Rosemary
Essential oil essential oil essential oil essential oil essential oil
components RT* Area RT* Area RT Area RT Area %
% % %
a-pinene 10.31 1.82 7.55 7.45 9.54 0.92 5.76 0.21
Myrcene 11.34 143 - - - - = =
Limonene 12.32 1.11 - - - - - -
y-Terpinene 1255 3.75 - - = = = =
p-Cymene 12.80 23.03 - - - - - -
Linalool 1553 6.33 - - - - - -
Terpinen-4-ol 16.11 1.47 - - - - - -
B-Caryophyllene 16.12 155 - - - - - =
Borneol 17.19 1.18 - - - - - -
Thymol 21.98  46.48 - - - - - -
Carvacrol 22.39 4.61 - - - - - -
a-cubebene - - 17.11 1.94 - - - -
a- Caryophellene - - 20. 04 11.08 - - - -
B-Caryophellene - - 20.91 10.08 - - - -
Trans-Caryophellene - - 20. 02 5.09 - -
Caryophellene oxide - - 23.18 2.23 - - - =
Eycolyptol - - 10.98 0.53 - - - -
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a-farnesene - - 21.76
Aromadendrene oxide - - 21.25
Eugenol - - 18.83
Acetic acid- phenyl- - - 13.34
methyl esters

Eugenol acetate - - 30.97
Benzoic acid - - 14.13
Nonanone - - 11.54
Isoleden - - 21.02
Naphthalene - - 21.67
B -Myrcene - - 9.031
4-carene - - 9.94

Styrene (cymene) - - -
Linalyl acetate - - -
Benzaldehyde phenyl - - -
menthanol

Benzaldehyde - - -
1, 8 Cineole - - -
Benzaldehyde, 2- - - -
hydroxyl

Benzenepropanal - - -
Cinnamaldehyde (E) - - -
Cinnamic alcohol - - -
Trans cinnamyl - - -
a-Cinnamaldehyde - - -
A- cadinene - - -
Cinnamaldehyde —O- - - -
methoxy

Nerolidol - - -
Spathulenol - - -
Azulene - - -
d-limonene - - -
B-pinene - - -
camphene - - -
Trans -caryophyllene - - -
Camphor - - -
Endo borynyl acetate - - -
1,4 pentadiene - - -
Benzene — 1- methyl - - -

4.22 = > > >
10.11 - - - -
24.00 = > > >
0.72 - - - -
9.61 = = = =
2.76 - - - -
1.62 = = = =
1.11 - - - -
212 = = = =
1.37 - - - -
1.51 = > > >

- 8.31 5.37 - -

= 8.53 0.83 - >

- 1091  16.87 - -

= 1152  0.79 - >

- 1278 152 8.76 80.13
= 1351 7.37 = =

- 1718 1.14 - -

- 21.63  14.69 = =

- 2641 3.04 - -

= 27.22  0.63 - >

- 30.32  26.11 - -

= 32.14  1.97 - >

- 3453 121 - -

- 3482 3.39 = =

- 3559 3.98 - -

= 54.63 0.98 = =

- - - 8.43 0.65
- - - 7.03 0.32
- - - 6.45 3.47
- - - 25.76 0.22
- - - 13.56 11.28
- - - 19.45 0.27
- - - 32.65 0.41
- - - 21.45 2.65

* RT: Retention time.

These outcomes are consistent with Fadel et
al. (2020) who reported that eleven volatile
compounds were identified in the hydrodistilled EO
of cinnamon bark, representing 99.1% of the total oil.
Cis- Cinnamaldehyde was noticed the major
identified compound (92.7%), in addition to trans-
cinnamyl acetate (1.4%), trans-cinnamaldehyde
(1.0%) and eugenol (0.8%) were the identified
oxygenated compounds whereas the other seven
compounds were sesquiterpenes. While, GC/MS
characterizations of rosemary volatile oil are
presented in Table 3, 10 volatile components were
identified from rosemary volatile oil could be seen.
The identified components represented (99.61 %)
from the rosemary volatile oil. 1, 8 Cineole,
Camphor, camphene and Benzene — 1- methyl were
the most prevalent chemical compounds in rosemary
volatile oil, however 1, 8 Cineole constitutes 80.13 %

of the total chemical compounds and the highest
compound in rosemary volatile oil. However,
Benzene — 1- methyl (2.65 %) of the total chemical
compounds was the lowest one among the most
prevalent elements in volatile rosemary oil. These
outcomes are consistent with Fadel et al. (2020)
which reported that analysis of rosemary revealed
presence of nineteen compounds representing 98.5%
of the total oil. The 1, 8-Cineol was the predominant
compound followed by camphor, a-terpineol, a-
pinene, bornyl acetate and borneol.

3.3. Antimicrobial activity of nanoparticles and

essential oils:

The antibacterial activity of ZnNPs, ChNPs,
and essential oils at various concentrations (400 and
600ppm) were tested against E. coli, S. typhimurium,
Staph. aureus, and B.cereus. The obtained results are
shown in Table 4. Our data showed that thyme had
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antibacterial activity against the studied strains of
bacteria, with the highest effect against Staph.
aureus, followed by B. cereus, S. typhimurium and E.
coli compared with clove, cinnamon and

rosemary essential oils. On the other hand
ZnNPs had antibacterial activity against the strains of
bacteria selected, with the highest effect compared
with ChNPs. It was reported that ZnNPs had a

bactericidal effect on different bacterial strains
(Siddigi et al., 2018). Other researchers
demonstrated that there is a size-dependent

antibacterial effect of ZnNPs (Raghupathi et al.,
2011). The antibacterial effect of free form essential
oils are attributed to several mechanisms. Essential
oils interact with lipids in microbial cell and
mitochondrial membranes, increase cell
permeability, change membrane potential, cause ion
loss and collapse of the proton pump, and disturb
microbial metabolism leading to lysis and microbial
death (Boskovic et al., 2017 and Burt, 2004).

However, the exact mode of action of
nanoencapsulated EOs is still not completely
elucidated. It is supposed that nanoencapsulation
enhances essential oil activity due to the reduced
size, allowing nano- essential oils to interact more
efficiently with cell membranes (Gupta et al., 2016)
by increasing the surface area per unit of mass
(Donsi et al., 2012). Consequently, lower doses of
essential oils can be used, (Acevedo-Fani et al.,
2015). Apart from the active agent, some carriers
used in nanomaterial production also possess
antimicrobial activity, change membrane potential,
generate reactive oxygen species and affect microbial
metabolism( Alvarez-Paino et al., 2017) and
Prabuseenivasan et al., 2006) .Overall, rosemary
and thyme were the most effective aromatic essential
oils tested. Standards for testing antimicrobial
activity of pharmaceutical drugs are codified by
Clinical and Laboratory Standards Institute (Patel et
al., 2015).

Table 4. Diameter of inhibition zones (mm) of nanoparticles and essential oils against some selected bacteria

strains.

Diameter of inhibition zones (mm)

Thyme Clove Cinnamon Rosemary ZnNPs ChNPs
Microorganism 400 600 400 600 400 600 400 600 400 600 400 600
S ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Gram negative
bacteria
E. coli 140 340 130 310 115 270 105 250 100 245 850 135

0 0 0 0 0

S. typhimurium 15.0 39.0 14.0 33.0 125

0 0 0 0 0
Gram positive
bacteria

Staph. aureus 185 450 175 38.0 16.0

0 0 0 0 0

B. cereus 165 410 155 340 150

0 0 0 0 0

0 0 0 0 0 0
31.0 110 270 13.0 260 950 155
0 0 0 0 0 0

340 150 31.0 240 275 13.0 185
0 0 0 0 0 0 0
320 135 290 210 250 115 175
0 0 0 0 0 0 0

ZnNPs: Zinc oxide nanoparticles

4.8.2. Sensory evaluation of beef burger to choose
the best percentage adding for
essential oils:

Organoleptic evaluation of different beef
burger treatments as affected by thyme, clove,
cinnamon and rosemary at 400 ppm volatile oils was
presented in Table (5). From statistical analysis of
these data, it could be noticed that there were
significant differences at level 0.05 in all sensory
properties between different beef burger treatments.
The color score of beef burger prepared with volatile
oils were nonsignificant differences at level 0.05
between them. Also, from the same table, it could be
observed that the odor scores of different beef burger
treatments were significantly at level 0.05 affected
by thyme, clove, cinnamon and rosemary volatile
oils. The highest or best odor score (8.35) was
recorded for sample prepared with thyme 400ppm

ChNPs: chitosan nanoparticles

followed by that prepared with clove 400ppm, and
finally control sample without additives (7.35).
These results are in agreement with Dwivedi et al.
(2006) evaluated ground beef (15% fat) was treated
with a retail 5-spice blend and its individual
components cinnamon, clove, fennel, pepper, and
star anise at 0.1%, 0.5% and 1%. Statistical analysis
of these data showed that, there were significant
differences at level 0.05 in taste scores between
different beef burger treatments. The highest taste
score (8.25) was recorded for beef burger treatment
prepared with thyme volatile oils 400 ppm followed
by that prepared with clove 400ppm, respectively
with no significant differences between them. Also,
from the same Table, it could be noticed that,
tenderness and juiciness scores of beef burgers were
no significantly as affected by the type of additives.
Average overall acceptability scores of beef burgers
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significantly were affected by addition of thyme,
clove, cinnamon and rosemary volatile oils as shown
in Table 5. From these results, it could be found that,
significant differences at level 0.05 were recorded in
overall acceptability between different beef burger
treatments. The highest overall acceptability score
(8.45) was given by panelists for beef burger
prepared with thyme followed by prepared with
clove, when that prepared with rosemary and
prepared with cinnamon and finally both of beef

burgers prepared with clove and rosemary. Many
researchers have recently worked on the effects of
essential oils, when added alone or in combination
with other essential oils and/or preservation methods
to improve the sensory qualities and extend the shelf
life of meat and meat products, (Du and Li, 2008).
Generally, addition of thyme and clove at 400 ppm
volatile oils to improve the sensory properties of beef
burger treatments and we use the same ratio of
volatile oil in beef Kofta.

Table 5. Mean values of sensory evaluation scores of beef burger treated with essential oils.

Treatments Organoleptic quality
Color Odor Taste Tenderness Juiciness  Overall
(10) (10) (10) (10) (20) acceptability
(10)
Beef burger control  8.352 7.35° 7.35°¢ 8.00? 8.05% 7.60°
+0.263 +0.257 +0.239 +0.313 +0.175 +0.257
Thyme 8.55% 8.35% 8.25% 8.40% 8.30% 8.45%
+0.250 +0.248 +0.267 +0.323 +0.182 +0.266
Clove 8.45% 8.30°% 8.05% 8.20% 8.35% 8.40%
+0.250 +0.266 +0.245 +0.188 +0.267 +0.266
Cinnamon 8.30° 7.50" 7.65° 8.052 8.25° 8.15°
+0.250 +0.245 +0.250 +0.250 +0.182 +0.125
Rosemary 8.30° 7.85° 7.70° 8.25% 8.15° 8.20%
+0.263 +0.494 +0.422 +0.205 +0.274 +0.226
L.SD 0.465 0.380 0.290 0.425 0.405 0.250

Where: a,b,c,d in the same column are not significantly different at levels 0.05.

LSD: Least significant differences. (Mean + S.E.).
3.5. Freshness properties of beef burger and beef
Kofta affected by nanoparticles and essential
oils during cold storage at 4+1°C:
3.5.1. Total volatile basic nitrogen of beef burger:
The activity of the endogenous enzymes of
the meat as well as the bacteria enzymes produces
nitrogenous compounds which are measured in the
TVBN test. Therefore, the higher values of TVBN
indicate the higher activity of endogenous enzymes
as well as bacterial activity that in turn is an
indication of the meat spoilage (Alizadeh-Sani et al.,
2020).
On zero time of cold storage period, the
TVBN value of the beef burger samples was ranged
from 8.47 to 8.91 mg/100g sample, indicating the
good hygienic quality of beef burger. The TVBN
values of all samples increased significantly with
storage period (Table 6), which obeyed a faster trend
for the control sample, followed by Ch film/ ZnNPs,
Ch film/ thyme, Ch film/ clove, Ch film/ZnNPs/
thyme and Ch film/ ZnNPs/ clove treated |
respectively. All beef burger treatments the total
volatile nitrogen values were significantly impacted
by cold storage times as storage times increased. This
could be a result of bacterial breakdown linked to the
production of some alkaline substances like
ammonia, which was confirmed by the rapid
development of total volatile bases nitrogen
(Valipour Kootenaie et al. 2017). Control sample

had significantly higher total volatile nitrogen than
any other treatments stored for 3 and 6 days. This
may be due to high antimicrobial effect of ZnNPs,
thyme and clove essential oil. After 6 ™ days control
sample was not evaluated because it exceeded the
permissible limits of TVN and showed off odor,
while total volatile nitrogen values 11.65 and 12.13
mg N/100g was observed for beef burger treated with
Ch film/ ZnNPs/ thyme  and Ch film/  ZnNPs/
clove, respectively were ranged of permissible level
reported by ES, (2005a). As for all beef burger
treatments the total volatile nitrogen values were
significantly impacted by cold storage times as
storage period increased. Also, at 12th day beef
burger with Ch film/ ZnNPs/ thyme and Ch film/
ZnNPs/ clove had the lowest total volatile nitrogen
17.68 and 18.80 mg N/100g, these values not exceed
the permissible level. These results reflex the strong
antimicrobial effect of zinc oxide nanoparticle and
thyme and clove essential oil. Sayadi et al. (2022)
and also, Suo et al. (2017) reported an increase on
TVB-N content over cold storage of fresh pork meat
protected with CMC film incorporated or not with
ZnO NP. These authors also concluded that the
presence of nanoparticles reduced the values of
TVB-N, and the content recorded for the samples
protected with the active films at day 14 was smaller
than for the samples coated with control films
without ZnO NPs at day 6, in good agreement with
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our results. Total volatile base nitrogen value of the
meat samples is related to the decomposition of
protein  compounds to nonprotein  nitrogen
compounds as a result of bacteria activity and the
proteolytic enzymes (Alizadeh-Sani et al., 2020), In
line with the microbial results. Similar results were

obtained by Alizadeh-Sani et al. (2020) on the
addition of rosemary EO and TiO, in refrigerated
meat and Sayadi et al. (2021) on turkey meat coated
with chitosan containing Berberis vulgaris extract
and Mentha pulegium EO under MAP condition.

Table 6. Total volatile basic nitrogen (mg /100 g sample) of beef burger as affected by nanoparticles and
essential oils treatments and cold storage periods at 4+1°C.

Storage Beef burger treatments LSD
time Ch film Ch film/ Ch film/ Chfilm/  Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ thyme ZnNPs/ clove
Zero time  8.91% 8.70" 8.61Ea 8.64Ea  8.47Ea 8.56Ea 0.570
+0.035 +0.011 +0.015 +0.023 +0.017 +0.011
3 13.79%2 12.83Cb 11.59Dc 11.72Dc  9.48De 10.53Dd 0.650
+0.017 +0.027 +0.012 +0.030 +0.026 +0.0233
6 20.40"° 16.52Bb 12.40Cc 12.65Cc  11.65Cd 12.13Ccd 0.697
+0.014® +0.023 +0.020 +0.168 +0.017 +0.017
9 ® 21.50Aa 16.50Bb 16.80Bb  14.52Bd 15.83Bc 0.710
0.027® +0.020 +0.023 +0.031 10.024
12 ® ® 20.21Aa 20.65Aa  17.68Ac 18.80Ab 0.610
+0.021® +0.017®  +0.023 +0.026
LSD 0.660 0.570 0.530 0.550 0.580 0.540

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly

different at levels 0.05. LSD: Least significant differences
3.5.2. Total volatile basic nitrogen of beef Kofta:
The results from Table 7 showed that
TVBN values of Kofta samples containing Ch film/
ZnNPs, Ch film/ thyme, Ch film/ clove, Ch film/
ZnNPs/ thyme and Ch film/  ZnNPs/ clove were
lower (from from8.90 - 9.47 mg/100g sample) than
control sample (9.70 mg/100g), while the samples
containing Ch film/ thyme and Ch film/ clove
recorded the values from 9.18 to 9.30 mg/100g,
respectively at zero time. Also the same table showed
that TVBN content of all beef Kofta samples
gradually increased during cold storage at 4 °C up to
12 days. This increase could be mainly attributed to
the effect of microorganisms as well as autolysis
processes (Alizadeh-Sani et al., 2020). Control
sample had significantly higher total volatile nitrogen
than beef Kofta samples treated with zinc oxide
nanoparticle and thyme and clove essential oil

®: Rejected.

storage for 3 and 6 days. This could be due high
antimicrobial effect of nanoparticle and essential oil.
After 6 th days control sample was not evaluated
because it exceeded the permissible limits of TVN
and showed off odor, while total volatile nitrogen
values 12.30 mg N/100g was observed for beef Kofta
treated with Ch film/ ZnNPs/ thyme were range of
permissible level reported by ES, (2005b). All beef
Kofta treatments' total volatile nitrogen values were
significantly impacted by cold storage times as
storage times increased. Also, at 12th day beef Kofta
with Ch film/ ZnNPs/ thyme had the lowest total
volatile nitrogen 17.68 mg N/100g, these values not
exceed the permissible level. These results reflex the
strong antimicrobial effect of nanoparticle and
essential oil, (Sayadi et al. (2022); Suo et al. (2017)
and Alizadeh-Sani et al. 2020).

Table 7. Total volatile basic nitrogen (mg /100 g sample) of beef Kofta as affected by nanoparticles and
essential oils treatments and cold storage periods at 4+1°C.

Storage Beef Kofta treatments LSD
time Ch film Ch film/ Ch film/ Chfilm/  Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ thyme  ZnNPs/ clove
Zero time  9.70Ca 9.47Dab 9.18Eab 9.30Eab  8.90Eb 8.94Eb 0.650
+0.028 +0.014 +0.023 +0.023 +0.026 +0.023
3 14.49Ba 13.59Cb 12.85Db 12.95Db  10.59Dc 10.92Dc 0.740
+0.026 £0.020 +0.028 +0.027 +0.014 +0.651
6 22.96Aa 17.57Bb 16.18Cc 16.64Cc  12.30Ce 13.00Cd 0.640
+0.014® +0.020 +0.020 +0.023 +0.026 +0.031
9 ® 21.99Aa 18.70Bc 19.11Bb  15.60Bd 16.39Bd 0.790
+0.009®  +0.028 +0.037 +0.028 +0.023
12 ® ® 21.05Aa 21.25Aa  18.70Ab 19.29Ab 0.650
+0.025® +0.017®  +0.029 +0.020
LSD 0.680 0.610 0.580 0.620 0.640 0.660

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly

different at levels 0.05.  LSD: Least significant differences

®: Rejected.
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3.5.3. Thiobarbituric acid of beef burger:

In the TBA test, MDA as an aldehyde
compound is measured. Aldehydes are the secondary
products of lipid oxidation, and their increase is an
indication of lipid rancidity (Heydari-Majd et al.,
2019).

TBA values of beef burger as affected by
type of Ch film/ thyme, Ch film/ clove, Ch film/
ZnNPs/ thyme and Ch film/ ZnNPs/ clove during
cold storage at 4 °C up to 12 days are presented in
Table 8. It could be noticed that significant (P <
0.05) differences were recorded in TBA values
among the tested samples either at zero time or
throughout of cold storage periods. Whereas, TBA
values of beef burger samples containing different
Ch film/ ZnNPs/ thyme and Ch film/ ZnNPs/ clove
ranged from0.210 to 0.254 mg malonaldehyde/kg,
respectively. While, TBA contents of control sample
was 0.300 mg malonaldehyde/kg sample at zero
time. These results are in line with those obtained by
Sayadi et al. (2022) who reported that the active
films significantly induced the reduction in lipid
oxidation, microbial growth, and TVBN values,
improved the sensory attributes of treated samples,
maintained the redness of meats for a longer time,
and increased the shelf life of beef from 4 to 16 days.

Beef burger with Ch film/ ZnNPs/ thyme and Ch
film/ ZnNPs/ clove sample has significantly lower
TBA value than control sample at any time of storage
3 and 6 days. This might be due to the antioxidant
effect of ZnNPs and essential oil. At 6th day of cold
storage, the highest TBA value was 0.961 mg
malonaldehyde / kg for control sample. Similar
results were obtained by other researchers on turkey
breast meat coated with chitosan containing 1% CEO
(Taheri et al., 2018), O,ruber fillets packaged with
nanocomposite film based on PLA/zinc oxide
nanoparticle/ZEO and MEO (HeydariMajd et al.,
2019), fresh pork and meat loins coated with alginate
based film produced with turmeric (Bojorges et al.,
2020), and beef wrapped with citric acid, corn starch,
and linear LDPE active films (Junior et al., 2015).
Also, at the end of cold storage at the 12th day, TBA
values of beef burger with Ch film/ ZnNPs/ thyme
and Ch film/ ZnNPs/ clove sample was 0.740 and
0.763 mg malonaldehyde / kg sample. TBA value of
beef burger treated with ZnNPs and essential oil not
exceed the range of permissible level reported by the
ES, (2005a), being not more than 0.9 mg
malonaldehyde / kg sample. Also, Table 8 indicated
that TBA values of all tested samples gradually
increased during cold storage up to 12 days.

Table 8. Thiobarbituric acid values (mg malonaldehyde/kg) of beef burger as affected by nanoparticles and
essential oils treatments and cold storage periods at 4+1°C.

Storage Beef burger treatments LSD
time Ch film Ch film/ Ch film/ Ch film/ Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ ZnNPs/
thyme clove
Zero time 0.300Ca 0.295Da 0.266Ea 0.278Ea 0.210Ea 0.254Ea 0.174
+0.002 +0.002 +0.002 +0.153 +0.002 +0.002
3 0.607Ba 0.490Cab 0.379Db 0.420Dab 0.321Db 0.358Db 0.187
+0.003 +0.164 +0.003 +0.002 +0.010 +0.003
6 0.961Aa 0.610Bb 0.525Cc 0.549Chc 0.456Cd 0.479Ccd 0.067
10.002® +0.002 +0.002 +0.002 +0.003 +0.003
9 ® 0.952Aa 0.730Bbc 0.751Bb 0.659Bc 0.690Bbc 0.078
+0.003® +0.002 +0.001 +0.003 +0.002
12 ® ® 0.905Aa 0.920Aa 0.740Ab 0.763Ab 0.067
+0.001® +0.002® +0.003 +0.002
LSD 0.006 0.007 0.008 0.009 0.006 0.007

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly

different at levels 0.05.

3.5.4. Thiobarbituric acid of beef Kofta:

TBA values of beef Kofta as affected by
type of Ch film/ thyme, Ch film/ clove, Ch film/
ZnNPs/ thyme and Ch film/ ZnNPs/ clove during
cold storage at 4 °C up to 12 days are presented in
Table 9. It could be noticed that significant (P <
0.05) differences were recorded in TBA values
among the tested samples either at zero time or
throughout of cold storage periods. Whereas, TBA
values of beef Kofta samples containing different Ch
film/ ZnNPs/ thyme and Ch film/ ZnNPs/ clove
ranged from0.251 to 0.333 mg malonaldehyde/kg
respectively sample. While, TBA contents than
control sample was 0.333 mg malonaldehyde/kg

LSD: Least significant differences

®: Rejected.

sample at zero time. These results are in line with
those obtained by Sayadi et al. (2022). beef Kofta
with Ch film/ ZnNPs/ thyme and Ch film/ZnNPs/
clove sample has significantly lower TBA value than
control sample at any time of storage 3 and 6 days.
This might be due to the antioxidant effect of ZnNPs
and essential oil. At 6th day of cold storage, the
highest TBA value was 1.030 mg malonaldehyde /
kg for control sample. Similar results were obtained
by other researchers on turkey breast meat coated
with chitosan containing 1% CEO (Taheri et al.,
2018; HeydariMajd et al., 2019 and Bojorges et al.,
2020). Also, at the end of cold storage at the 12th
day, TBA values of beef Kofta with Ch film/ ZnNPs/
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thyme and Ch film/ ZnNPs/ clove sample was 0.875
and 0.890 mg malonaldehyde / kg sample. TBA
value of beef Kofta with ZnNPs and essential oil not
exceed the range of permissible level reported by ES,

(2005b), being not more than 0.9 mg malonaldehyde
/ kg sample. Also, Table 9 indicated that TBA values
of all tested samples gradually increased during cold
storage up to 12 days.

Table 9. Thiobarbituric acid values (mg malonaldehyde/kg) of beef Kofta as affected by nanoparticles and
essential oils treatments and cold storage periods at 4+1°C.

Storage Beef Kofta treatments LSD
time Ch film Ch film/ Ch film/ Ch film/ Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ ZnNPs/
thyme clove
Zero time  0.333Ca 0.321Da 0.295Ea 0.307Ea 0.251Ea 0.260Ea 0.149
+0.011 +0.043 +0.026 +0.049 +0.015 +0.020
3 0.650Ba 0.521Cab 0.481Db 0.499Db 0.450Db 0.462Db 0.146
+0.030 +0.043 +0.030 +0.011 +0.043 +0.026
6 1.030Aa 0.837Bb 0.736Cc 0.750Chbc 0.597Cd 0.616Cd 0.060
+0.049® +0.015 +0.020 +0.040 +0.025 +0.020
9 ® 0.961Aa 0.855Bb 0.879Bb 0.709Bc 0.724Bc 0.073
0.026+® +0.014 +0.012 +0.023 +0.020
12 ® ® 0.910Aab 0.934Aa 0.875Ab 0.890Aab 0.055
+0.018® +0.012® +0.016 +0.015
LSD 0.007 0.004 0.007 0.005 0.008 0.009

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly
different at levels 0.05. LSD: Least significant differences ®: Rejected.

3.5.5. pH value of beef burger:

Data presented in Table 10 shows the
changes in pH values of beef burger samples as
affected by Ch film/ ZnNPs, Ch film/ thyme, Ch
film/ clove, Chfilm/ZnNPs/ thyme, Ch film/ ZnNPs/
clove treated during cold storage at 4 °C up to 12
days. From these results, it could be noticed that
significant differences were recorded in pH values
among the samples at zero time or throughout of cold
storage periods. pH values of all beef burger at zero
time were ranged from 5.63 to 5.80, respectively. As
shown in Table 10 , the addition of ZnNPs, thyme
and clove at 400ppm essential oils into burger
formulations resulted in a slight increase in pH
values of tested samples when compared with that of

control samples after 6 days. Afshar Mehrabi et al.
(2021) showed that, over time, pH values of the
samples increased slightly during all days of storage
(p < .05). It is worth mentioning, that pH values of
beef burger slightly increased by increasing during
cold storage at 4 “C up to 12 days, this might be due
to this rising trend is in line with the report of
Hassanzadeh et al. (2018). After 12th days of cold
storage at 4+1°C, there were significant differences
(p=<0.05) in pH values between the control and beef
burger with ZnNPs, while at the end of cold storage
the pH value (5.96) was recorded for beef burger
sample with Ch film/ZnNPs/ thyme. These results
reflection the strong antimicrobial effect of ZnNPs.

Table 10. pH values of beef burger as affected by nanoparticles and essential oils treatments and cold

storage periods at 4+1°C.

Storage Beef burger treatments LSD
time Ch film Ch film/ Ch film/ Ch film/ Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ thyme  ZnNPs/
clove
Zero time  5.80Ca 5.75Ca 5.70Ca 5.72Ca 5.63Ba 5.67Ba 0.345
+0.466 +0.503 +0.230 +0.466 +0.655 +0.416
3 6.30Ba 6.05Bab 5.78Cb 5.97Cb 5.68Bb 5.72Bb 0.308
+0.208 +0.642 +0.466 +0.378 +0.305 +0.466
6 6.85Aa 6.49Ab 5.96BCc 6.20BCc 5.72ABc 5.79Bc 0.272
+0.264® +0.667 +0.243 +0.505 +0.615 +0.667
9 ® 6.73Aa 6.10Bb 6.30Bb 5.82ABb 5.88ABb 0.393
+0.594® +0.575 +0.214 +0.212 +0.323
12 ® ® 6.54Aa 6.65Aa 5.96Ab 6.04Ab 0.360
+0.318® +0.32® +0.323 +0.412
LSD 0.378 0.301 0.295 0.313 0.192 0.219

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly
different at levels 0.05. LSD: Least significant differences ~ ®: Rejected.

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



Impact of some Essential Oils and Nanoparticles in Chitosan Films to Control Pathogenic Bacteria............ 1185

3.5.6. pH value of beef Kofta:

Data presented in Table 11 shows the changes
in pH values of beef Kofta samples as affected by Ch
film/ ZnNPs, Ch film/ thyme, Ch film/ clove, Ch
film/znNPs/ thyme and Ch film/ ZnNPs/ clove
treated during cold storage at 4 °C up to 12 days.
From these results, it could be noticed that significant
differences were recorded in pH values among beef
burger samples at zero time or throughout of cold
storage periods. pH values of all beef Kofta at zero
time were ranged from 6.04 to 6.28, respectively. As
shown in Table 11 , the addition of ZnNPs, thyme
and clove at 400ppm essential oils into burger
formulations resulted in a slight increase in pH

values of tested samples when compared with that
of control samples after 6 days. Afshar Mehrabi et
al. (2021). It is worth mentioning, that pH values of
beef Kofta slightly increased by increasing during
cold storage at 4 °C up to 12 days, this might be due
to this rising trend is in line with the report of
Hassanzadeh et al. (2018) and after 12th days of
cold storage at 4+1°C, there were significant
differences (p<0.05) in pH values between the treated
samples and that beef burger treated with ZnNPs,
while the end of cold storage, the pH value (6.55)
was recorded for beef Kofta sample with Ch
film/ZnNPs/ thyme. These results reflection the
strong antimicrobial effect of ZnNPs.

Table 11. pH values of beef Kofta as affected by nanoparticles and essential oils treatments and cold

storage periods at 4+1°C.

Storage Beef Kofta treatments LSD
time Ch film Chfilm/  Ch film/ Ch film/ Ch film/ Ch film/
(days) (control) ZnNPs thyme clove ZnNPs/ ZnNPs/
thyme clove
Zero time  6.28Ca 6.20Ba 6.12Ca 6.13Ca 6.04Ca 6.10Ca 0.309
+0.312 +0.419 +0.353 +0.342 +0.333 +0.359
3 6.59Ba 6.46Ba 6.35Bab 6.41Ba 6.12BCb 6.15Cb 0.259
+0.319 +0.267 +0.233 +0.267 +0.389 +0.288
6 6.90Aa 6.65ABab 6.50Bb 6.60ABab 6.23Bb 6.41Bb 0.376
+0.267® +0.394 +0.388 +0.489 +0.404 +0.358
9 ® 6.78Aa 6.62ABab 6.71Aa 6.39ABb 6.48ABb 0.201
+0.337® +0.378 +0.351 +0.351 +0.435
12 ® ® 6.79Aa 6.82Aa 6.55Ab 6.58Ab 0.200
+0.214® +0.173® +0.205 +0.145
LSD 0.253 0.263 0.217 0.238 0.177 0.168

Where: Mean values in the same column (capital letter) or row (small letter) with the same letter are not significantly

different at levels 0.05. LSD: Least significant differences

3.4. Microbiological quality attributes of treated
beef burger and beef Kofta with
nanoparticles and essential oils during cold
storage at 4+1°C:

Thereafter, the use of natural
antimicrobial compounds in foods has gained
much attention by the consumers and the food
industry. This is due primarily to two major
factors: First, the misuse and mishandling of
antibiotics has resulted in the dramatic rise of a
group of microorganisms including food borne
pathogens that are not only antibiotic resistant but
also more tolerant to several food processing and
preservation  methods.  Second, increasing
consumers' awareness of the potential negative
impact of synthetic preservatives on health versus
the benefits of natural additives has generated
interest among researchers in the development and
use of natural products in foods. This has prompted
the food industry to look for alternative
preservatives that can enhance the safety and
quality of foods (Gyawali and Ibrahim, 2014).
3.4.1. Total bacterial count (cfu/g) of beef
burger:

®: Rejected.

Total bacterial count (TBC) of any food
product is significantly correlated directly with the
sanitary conditions of processing, handling and
storage. From the obtained results in Table 12, it
could be noticed that, total bacterial counts of beef
burgers were influenced by chitosan film with
ZnNPs 400ppm, chitosan  film  with  thyme
400ppm, chitosan film with clove 400ppm and
chitosan film with ZnNPs with thyme and clove at
400ppm during cold storage period at 4°C up to the
12 days. Total bacterial count of all beef burger
treatments was ranged from 2.80x10° and 7.15x10°
cfu/g at zero time. Control sample had higher total
bacterial count (7.15x10° cfu/g) while, the lowest
total bacterial count at zero time (2.80x10° cfu/g)
was recorded for beef burger sample treated with
chitosan film with ZnNPs with thyme 400ppm as
compared with other beef burger samples which
ranged from (3.70x10° to 5.15x10° cfu/g). On the
other hand, the increase in total bacterial counts
after the 3 day related to that bacteria already
changes in some properties of beef burgers such as
increase simple nitrogen compounds (amino acids
and nucleoids) and fatty acids which were
produced by hydrolysis of protein and fat during
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storage by natural meat enzymes which
consequently leads to suitable conditions for
bacterial growth (Abdou et al., 2012). At the 6 ™
days of cold storage period, the lowest total
bacterial count was recorded for beef burger
samples with chitosan film with ZnNPs with thyme
400ppm and chitosan film with ZnNPs with clove
at 400ppm (1.09x10* and  2.75x10%fulg,
respectively) compared to the control (1.25x10°
cfu/g), chitosan film control sample was rejected
because they had counts that were greater than 10°
cfu/g, The similar trend to those reported by
Ghaderi-Ghahfarokhi et al. (2016) evaluated all
samples treated with thyme essential oil
significantly reduced the population of investigated
microbial counts (P< 0.05) compared to the control
during 8 days of storage. At the end of storage
period, E-0.05-thyme essential oil and E-0.1-
thyme essential oil , presented, respectively, 2.2
and 3 log cycles reduction of Enterobacteriaceae,
along with 3.1 and 3.7 log cycles reduction of
Staphylococcus aureus. Ghaderi-Ghahfarokhi et
al. (2017) evaluated samples containing free and
encapsulated cinnamon essential oil and ascorbic
acid were analyzed for microbial growth during 8
days of storage at 4 "C. Both free and encapsulated

cinnamon essential oil decreased the microbial
population of patties compared to the control (p <
0.05) throughout the experiment. Also, the high
bactericidal activity of ChNPs is certainly due to a
change in cell permeability barrier due to
interactions between the positively charged
chitosan and the negatively charged microbial cell
membranes as reported by Duan et al., (2019).
Also, from the same table, it could be noticed that,
total bacterial count of all beef burger treatments
were also affected by cold storage period. The total
bacterial counts were increased in all beef burger
treatments up to the 12 ™ of cold storage, after
that, total bacterial count of all treatments were
tended to increase but with various numbers
depending on the type of chitosan film with
ZnNPs and thyme and clove at 400ppm. During
cold storage, all beef burger Ch film/ ZnNPs/
thyme and Ch film/ ZnNPs/ clove treatments were
lower in total bacterial counts than the permissible
limit of ES, (2005a) which stated that, total
bacterial count in frozen meat should not exceed
(10° cell/g sample), except control sample which
except control sample which exceed this limit after
the 6 days of cold storage (10° cfu/g), consequently
this sample was rejected.

Table 12. Total bacterial counts (cfu/g) of beef burger as affected by nanoparticles and essential oils
treatments and cold storage periods at 4+1°C.

Storage time Beef burger treatments

(days) Ch film Ch film/  Ch film/ thyme Ch film/ Ch film/ Ch film/

(control) ZnNPs  400ppm Clove ZnNPs/  ZnNPs/ clove
400ppm 400ppm thyme

Zero time 7.15%x10° 5.15x10° 3.70x10° 4.05x10° 2.80x10° 3.50x10°

3 4.35x10° 3.95x10* 8.90x10° 1.15x10* 6.65x10° 7.90x10°

6 1.25x10°® 2.75%x10° 3.95x10* 4.35x10* 1.09x10* 2.75x10*

9 ® 1.05x10°® 2.20x10° 3.65%x10° 7.40x10* 9.65x10*

12 ® ® 1.05x10°® 1.30x10°®  3.75x10° 4.20x10°

Where: ®: Rejected (cfu/ g): colony forming unit /gram

3.4.2. Total bacterial count (cfu/g) of beef
Kofta:

From the obtained results in Table 13, it
could be noticed that, total bacterial counts of beef
Kofta were influenced by chitosan film with
ZnNPs 400ppm, chitosan film with thyme 400ppm,
chitosan film with clove 400ppm and chitosan film
with ZnNPs with thyme and clove at 400ppm
during cold storage period at 4°C up to the 12 days.
Total bacterial count of all beef Kofta treatments
ranged from 4.85x10° and 8.25x10° cfu/g at zero

time. beef Kofta with chitosan film control sample
had higher total bacterial count (8.25x10°cfu/g)
while, the lowest total bacterial count at zero time
(4.85x10° cfulg) was recorded for beef Kofta
sample treated with chitosan film with ZnNPs with
thyme 400ppm as compared with other beef Kofta
samples which ranged from (5.50x10° to 7.90x10°
cfu/g). On the other hand, the increase in total
bacterial counts after the 3 day related to that
bacteria already changes in some properties of beef
Kofta such as increase simple nitrogen compounds
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(amino acids and nucleoids) and fatty acids which
were produced by hydrolysis of protein and fat
during storage by natural meat enzymes which
consequently leads to suitable conditions for
bacterial growth (Abdou et al., 2012). At the 6
days of cold storage period, the lowest total
bacterial count was recorded for beef Kofta
samples with chitosan film with ZnNPs with thyme
400ppm and chitosan film with ZnNPs with clove
at  400ppm  (3.85x10* and4.85x10*  cfulg
respectively) compared to the control (1.95x10°
cfu/g), beef Kofta samples with chitosan film
control sample was rejected because they had
counts that were greater than 106 cfu/g, The
similar trend to those reported by (Priyadarshi et
al. 2021) showed that the addition of ZnONPs
increased the mechanical and water vapor barrier
properties with potent antibacterial activity against
foodborne  pathogens, E. coli, and L.
monocytogenes. Therefore, the CMC/Zn0O3%/GSE

film can be used as a sustainable material in active
packaging applications of high-fat meat products
such as beef. Also, from the same table, it could be
noticed that, total bacterial count of all beef Kofta
treatments were also affected by cold storage
period. The total bacterial counts were increased in
all beef Kofta treatments up to the 12 ™ of cold
storage, after that, total bacterial count of all
treatments were tended to increase but with various
numbers depending on the type of chitosan film
with  ZnNPs and thyme and clove at 400ppm.
During cold storage, all beef burger Ch film/
ZnNPs/ thyme and Ch film/ ZnNPs/ clove
treatments were lower in total bacterial counts than
the permissible limit of ES, (2005b) which stated
that, total bacterial count in frozen balls should not
exceed (10° cell/g sample), except control sample
which except control sample which exceed this
limit after the 6 days of cold storage (10° cfu/g),
consequently this sample was rejected.

Table 13. Total bacterial counts (cfu/g) of beef Kofta as affected by nanoparticles and essential oils

treatments and cold storage periods at 4+1°C.

Storage time Beef Kofta treatments

(days)

Ch film Ch film/ Ch film/ thyme  Ch film/ Ch film/ Ch film/

(control) ZnNPs 400ppm  400ppm Clove ZnNPs/ thyme  ZnNPs/
Zero time 8.25x10° 7.90x10° 6.75x10° 7.25%x10° 4.85x10° 5.50x10°
3 6.40x10° 5.50x10* 1.25x10* 3.40x10* 7.45%x10° 9.40x10°
6 1.95x10°® 2.35x10° 5.25x10* 8.10x10* 3.85x10* 4.85%x10*
9 ® 1.15x10°® 4.45x10° 6.15x10° 8.60x10* 1.05x10°
12 ® ® 1.50x10°® 1.95x10°® 4.20x10° 6.05x10°
Where: ®: Rejected (cfu/ g): colony forming unit /gram

3.4.3. Coliform group count (cfu/g) of beef burger:
Since coliforms are

regarded as an

respectively. Whenever, in

the treatment beef

burger with Ch film/ZnNPs/ thyme and Ch film/

indicator for the evaluation of the hygienic
conditions, the coliform group counts were
determined in all beef burger treatments under
investigation as part of cold storage at 4°C and the
results are shown in Table 14. No detected of
coliform group in first storage due to hygiene and
sanitation during processing samples in laboratory.
The data indicated that, beef burger control counts
were 7.00x10 and 1.1x10? cfu/g after 3 and 6 days,

ZnNPs/ clove during over all cold storage period
showed no detected of  coliform group as
compared to beef burger coated Ch film/ ZnNPs
400ppm , Ch film/ thyme 400ppm and Ch
film/clove 400ppm duo to effect of antimicrobial
for zinc nanoparticle and essential oils. It exceeded
the maximal permissible limit of 10? cfu / gm for
the coliform bacterial count (ES, 2005a).

Table 14. Coliform group counts (cfu/g) of beef burger as affected by nanoparticles and essential oils
treatments and cold storage periods at 4+1°C.

Storage time Beef burger treatments

(days) Ch film Chfilm/ ZnNPs  Ch film/ thyme Ch film/ Ch film/ Ch film/
(control) 400ppm  400ppm Clove ZnNPs/ thyme  ZnNPs/ clove

400ppm

Zero time ND ND ND ND ND ND

3 7x10 ND ND ND ND ND

6 1.1x10° ® 3x10 ND ND ND ND

9 ® 5x10® ND 1x10 ND ND

12 ® ® 2x10 ® ND ND
6x10 ®

Where: ®: Rejected (cfu/ g): colony forming unit /gram
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3.4.4. Coliform group count (cfu/g) of beef

Kofta:

The coliform group counts were
determined in all beef Kofta treatments under
investigation as part of cold storage at 4+1°C and
the results are shown in Table 15. No detected of
coliform group in first storage due to hygiene and
sanitation during processing samples in laboratory.
The data indicated that, beef Kofta control counts

were 9x10 and 1.3x10% cfu/g after 3 and 6 days,
respectively. Whenever, the all treatments beef
Kofta with Ch film/ZnNPs/ thyme and Ch film/
ZnNPs/ clove during over all cold storage period
were no detected as compared to other treatments
duo to effect of antimicrobial for zinc nanoparticle
and essential oils . It exceeded the maximal
permissible limit of 10% cfu / gm for the coliform
bacterial count (ES, 2005b).

Table 15. Coliform group counts (cfu/g) of beef Kofta as affected by nanoparticles and essential oils

treatments and cold storage periods at 4+1°C.

Storage time Beef Kofta treatments

(days) Ch film Ch film/  Ch film/ Ch film/ Chfilm/  Chfilm/
(control) ZnNPs thyme Clove ZnNPs/ thyme ZnNPs/
400ppm 400ppm clove
400ppm
Zero time ND ND ND ND ND ND
3 9x10 ND ND ND ND ND
6 1.3x10°®  5x10 ND ND ND ND
9 ® 7x10® ND 3x10 ND ND
12 ® ® 3x10 ® ND ND
7x10 ®
Where: ®: Rejected (cfu/ g): colony forming unit /gram
Conclusions Edible  films from  essential-oil-loaded

In this study, nanocomposite chitosan -
based films containing ZnNPs nanoparticles and
essential oils (as antioxidant and antimicrobial
agents), alone or in combination, were fabricated.
The produced active packaging films could
remarkably reduce the lipid oxidation and
microbial spoilage, and increase the shelf life of
fresh beef burger and beef Kofta. In this regard, the
combination use of ZnNPs with essential oils
resulted in better results compared to the sole use
of ZnNPs and essential oils. The obtained data also
showed that the use of Ch film/ ZnNPs/ thyme or
Ch film/ ZnNPs/ clove as a novel nanocomposite
film is greatly beneficial in preserving the quality
parameters of fresh beef burger and beef Kofta.

References

Abd El-Motaleb, M.; Abd El-Hameid, A. R;
Helmy, W. A.; Ewais, E. A. and Abdel-Hady,
M. S. (2021). Essential oil content and
composition of endemic Origanum syriacum
ssp. sinaicum and it’s antimicrobial activity.
Middle East Journal of Applied Sciences
Volume: 11, Issue: 02,589-594 .

Abdou, E. S.; Osheba, A. S. and Sorour, M. A.
(2012). Effect ofbchitosan and chitosan-
nanoparticles as  active  coating  on
microbiological characteristics of fish fingers.
International J. of Applied Science and

Technology, 2(7):169-158.

Acevedo-Fani, A.; Salvia-Trujillo, L.; Rojas-
Gral, M. A. and Martin-Belloso, O. (2015).

nanoemulsions: Physicochemical
characterization and antimicrobial properties.

Food Hydrocolloids, 47, 168-177.

Afshar Mehrabi, F.: Sharifi, A. and Ahvazi, M.
(2021). Effect of chitosan coating containing
Nepeta pogonosperma extract on shelf life of
chicken fillets during chilled storage. Food

Science & Nutrition, 9(8), 4517-4528.

Akhavan, H. R.; Hosseini, F. S.; Amiri, S. and
Radi, M. (2021). Cinnamaldehyde-loaded
nanostructured lipid carriers extend the shelf
life of date palm fruit. Food and Bioprocess
Technology, 14(8), 1478-1489.

Alizadeh-Sani, M.; Mohammadian, E. and
McClements, D. J. (2020). Ecofriendly active
packaging  consisting of  nanostructured
biopolymer matrix reinforced with TiO, and
essential oil: Application for preservation of
refrigerated meat. Food Chemistry, 322,
126782.

Alvarez-Paino, M.; Mufoz-Bonilla, A. and
Fernandez-Garcia, M. (2017). Antimicrobial
polymers in the nano-world. Nanomaterials, 7
(2), 48.

Bagheri, F., Radi, M. and Amiri, S. (2019).
Evaluating the physical, mechanical and
morphological properties of sodium alginate
nanocomposite film containing solid lipid nano-
particles. Journal of Food Science and
Technology (Iran), 16(86), 263-271.

Bahlol, H. El. M. and Abd El-Aleem, 1. M. (2004).
Beef sausage and beef burger production by

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



Impact of some Essential Oils and Nanoparticles in Chitosan Films to Control Pathogenic Bacteria............ 1189

adding treated mung bean, J. Annals of Agric.
Sci. Moshtohor, 42 (4): 1791-1807.

Bageri, F.; Nejatian, M.; Abbaszadeh, S. and
Taghdir, M. (2020). The effect of gelatin and
thymol-loaded nanostructured lipid carrier on
physicochemical, rheological, and sensory
properties of sesame paste/date syrup blends as
a snack bar. Journal of Texture Studies, 51(3),
501-510.

Bojorges, H.; Rios-Corripio, M. A.; Hernandez-
Cazares, A. S.; Hidalgo-Contreras, J. V. and
Contreras-Oliva, A. (2020). Effect of the
application of an edible film with turmeric
(Curcuma longa L.) on the oxidative stability of
meat. Food Science & Nutrition, 8(8), 4308-
43109.

Borugi, O.; Jianu, C.; Misca, C.; Golet, I.; Gruia,
A. T. and Horhat, F. G. (2014). Thymus
vulgaris essential oil: chemical composition and
antimicrobial activity. Journal of Medicine and
life, 7(3), 56-60.

Boskovic, M.; Djordjevic, J.; lvanovic, J.; Janjic,
J.; Zdravkovic, N.; Glisic, M. and Baltic, M.
(2017). Inhibition of Salmonella by thyme
essential oil and its effect on microbiological
and sensory properties of minced pork meat
packaged under vacuum and modified
atmosphere. International Journal of Food

Microbiology, 258, 58-67.

Bradley, E. L.; Castle, L. and Chaudhry, Q.
(2011). Applications of nanomaterials in food
packaging with a consideration of opportunities
for developing countries. Trends in Food
Science & Technology, 22(11), 604-610.

Burt, S. (2004). Essential oils: their antibacterial
properties and potential applications in foods—
a review. International Journal of Food

Microbiology, 94(3), 223-253.

Carbone, M.; Donia, D. T.; Sabbatella, G. and
Antiochia, R. (2016). Silver nanoparticles in
polymeric matrices  for  fresh  food
packaging. Journal of King Saud University-
Science, 28(4), 273-279.

Chaleshtori, F. S. and Chaleshtori, R. S. (2017).
Antimicrobial activity of chitosan incorporated
with lemon and oregano essential oils on broiler
breast meat during refrigerated
storage. Nutrition & Food Science.

Deng, Z.; Chen, M.; Gu, G. and Wu, L. (2008). A
facile method to fabricate ZnO hollow spheres
and their photocatalytic property. The Journal
of Physical Chemistry B, 112(1), 16-22.

do Santos Junior, A. C.; Oliveira, R. F. D.; Henry,
F. D. C.; Maia Junior, J. D. A.; Moulin, M.
M.; Della Lucia, S. M. and Rampe, M. C. C.
(2020). Physicochemical composition, lipid
oxidation, and microbiological quality of ram
mortadella supplemented with Smallanthus

sonchifolius meal. Food Science & Nutrition,
8(11), 5953-5961.

Donsi, F.; Annunziata, M.; Vincensi, M. and
Ferrari, G. (2012). Design of nanoemulsion-
based  delivery  systems  of  natural
antimicrobials: effect of the emulsifier. Journal

of Biotechnology, 159(4), 342-350.

Du, H. and Li, H. (2008). Antioxidant effect of
Cassia essential oil on deep-fried beef during
the frying process. Meat Science, 78(4), 461-
468.

Duan, C.; Meng, X.; Meng, J.; Khan, M. I. H.;
Dai, L.; Khan, A. and Ni, Y. (2019). Chitosan
as a preservative for fruits and vegetables: a
review on chemistry and antimicrobial
properties. Journal ~ of  Bioresources and
Bioproducts, 4(1), 11-21.

Dwivedi, S.; Vasavada, M. N. and Cornforth, D.
(2006). Evaluation of antioxidant effects and
sensory attributes of Chinese 5-spice
ingredients in cooked ground beef. Journal of
Food Science, 71, C12-C17.

ES, Egyptian Standard Specifications (2005 b).
Frozen balls. Egyptian Organization for
Standardization and Quality Control, Ministry
of Industry and Trade. Egypt. No 1973.

ES, Egyptian Standard Specifications (2005a).
Frozen minced meat. Egyptian Organization for
Standardization and Quality Control, Ministry
of Industry and Trade. Egypt. No 1694.

Esmaeili, M.; Ariaii, P.; Nasiraie, L. R. and Pour,
M. Y. (2021). Comparison of coating and nano-
coating of chitosan-Lepidium sativum seed gum
composites on quality and shelf life of
beef. Journal of Food Measurement and
Characterization, 15(1), 341-352.

Espitia, P. J. P.; Soares, N. D. F. F.; Coimbra, J.
S. D. R.; de Andrade, N. J.; Cruz, R. S. and
Medeiros, E. A. A. (2012). Zinc oxide
nanoparticles: synthesis, antimicrobial activity
and food packaging applications. Food and
Bioprocess Technology, 5(5), 1447-1464.

Fadel, H. H. M.; El-Ghorab, A. H.; Hussein, A.
M.; ElI-Massry, K. F.; Lotfy, S. N.; Ahmed,
M. Y. S. and Soliman, T. N. (2020).
Correlation between chemical composition and
radical scavenging activity of 10 commercial
essential oils: Impact of microencapsulation on
functional properties of essential oils. Arabian
Journal of Chemistry, 13(8), 6815-6827.

Feiner, G., (2006). Meat Products Handbook:
Practical Science and Technology, Woodhead
Publishing Limited, Elsevier.

Fernandez-Lo6pez, J.; Jiménez, S.; Sayas-Barbera,
E.; Sendra, E. and Pérez-Alvarez, J. A.
(2006). Quality characteristics of ostrich
(Struthio camelus) burgers. Meat

Science, 73(2), 295-303.

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



1190

Ashraf M. Sharoba and Gaidda A. Makkia.

Ghaderi-Ghahfarokhi, M.; Barzegar, M.; Sahari,
M. A. and Azizii M. H. (2016).
Nanoencapsulation  approach to improve
antimicrobial and antioxidant activity of thyme
essential oil in beef burgers during refrigerated
storage. Food and Bioprocess Technology, 9(7),

1187-1201.

Ghaderi-Ghahfarokhi, M.; Barzegar, M.; Sahari,
M. A.; Gavlighi, H. A.; Gardini, F. (2017).
Chitosan-cinnamon  essential ~ oil  nano-
formulation: Application as a novel additive for
controlled release and shelf life extension of
beef patties. International Journal of Biological

Macromolecules, 102, 19-28.

Ghanbari, M.; Motallebi, A.; Rokni, N. and
Anvar, A. (2020). Evaluation of red grape seed
essential oil nanoemulsion (Vitis vinefera) on
the shelf life of fresh packaged chicken fillets
during refrigerated storage at 4° C. Arch.
Pharm. Pract., 1, 120.

Gokmen, M. and  Girbiiz, U. (2011). Use of
chitosan in Turkish sausage (sucuk) production
and effects on quality. Kafkas Univ Vet Fak
Derg, 17(Suppl A), S67-S71.

Gupta, A.; Eral, H. B.; Hatton, T. A. and Doyle,
P. S. (2016). Controlling and predicting droplet
size of nanoemulsions: scaling relations with
experimental validation. Soft Matter, 12(5),

1452-1458.

Gyawali, R. and Ibrahim, S. A., (2014). Natural
products as antimicrobial agents. Food
Control.46: 412-429.

Harold, E.; Roland, S. K. and Roland, S. (1987).
Pearson's chemical analysis of foods. 8" Ed.
Longman House, Burnt, M., Harlow, Essex CM
202 JE, England.

Hashemi, M.; Daneshamooz, S.; Raeisi, M.;
Jannat, B.; Taheri, S. and Noori, S. M. A.
(2020). An overview on antioxidants activity of
polysaccharide edible films and coatings
contains essential oils and herb extracts in meat
and meat products. Advances in Animal and
Veterinary Sciences, 8(2), 198-207.

Hassanen, N. H.; Eissa, A. M. F.; Hafez, S. A. M.
and Mosa, E. A. (2015). Antioxidant and
antimicrobial  activity of celery (Apium
graveolens) and coriander (Coriandrum
sativum) herb and seed essential oils. Int. J.
Curr. Microbiol. App. Sci, 4(3), 284-296.

Hassanzadeh, P.; Moradi, M.; Vaezi, N
Moosavy, M. H. and Mahmoudi, R. (2018).
Effects of chitosan edible coating containing
grape seed extract on the shelf-life of
refrigerated rainbow trout fillet. In Veterinary
Research Forum (Vol. 9, No. 1, p. 73). Faculty
of Veterinary Medicine, Urmia University,

Urmia, Iran.

Heydari-Majd, M.; Ghanbarzadeh, B.; Shahidi-
Noghabi, M.; Najafi, M. A. and Hosseini, M.
(2019). A new active nanocomposite film based
on PLA/ZnO nanoparticle/essential oils for the
preservation of refrigerated Otolithes ruber
fillets. Food Packaging and Shelf Life, 19, 94-

103.

ISO 21528-2 (2004). Microbiology of the food chain
- Horizontal method for the detection and
enumeration of Enterobacteriaceae Part 2:
Colony Count Method. International
Organization for Standardization, Geneva.

ISO 4833-1 (2013). Microbiology of the food chain
— Horizontal method for the enumeration of
microorganisms — Part 1: Colony-count at 30
degrees C by the pour plate technique.
International Organization for Standardization,
Geneva.

Jebel, F. S. and Almasi, H. (2016). Morphological,
physical, antimicrobial and release properties of
ZnO nanoparticles-loaded bacterial cellulose
films. Carbohydrate Polymers, 149, 8-19.

Junior, A. V.; Fronza, N.; Foralosso, F. B.; Dezen,
D.; Huber, E.; dos Santos, J. H. Z, and
Quadri, M. G. N. (2015). Biodegradable duo-
functional active film: antioxidant and
antimicrobial actions for the conservation of
beef. Food and Bioprocess Technology, 8(1),
75-87.

Kim, I; Viswanathan, K.; Kasi, G
Thanakkasaranee, S.; Sadeghi, K. and Seo,
J. (2022). ZnO nanostructures in active
antibacterial food packaging: preparation
methods, antimicrobial mechanisms, safety
issues, future prospects, and challenges. Food
Reviews International, 38(4), 537-565.

Kirk, R. S.; Sawyer, R. and Egan, H. (1991).
Pearson’s Composition and Analysis of Foods.
Flesh Food. 9" ed, Longman Scientific
Technical. Inc., New York, USA.

Kostaki, M.; Giatrakou, V.; Savvaidis, I. N. and
Kontominas, M. G. (2009). Combined effect
of MAP and thyme essential oil on the
microbiological,  chemical and  sensory
attributes of organically aquacultured sea bass
(Dicentrarchus labrax) fillets. Food
Microbiology, 26(5), 475-482.

Langroodi, A. M.; Tajik, H.; Mehdizadeh, T.;
Moradi, M.; Kia, E. M. and Mahmoudian, A.
(2018). Effects of sumac extract dipping and
chitosan coating enriched with Zataria
multiflora Boiss oil on the shelf-life of meat in
modified atmosphere packaging. LWT - Food
Science and Technology, 98, 372-380.

Loo, Y. H.; Skell, P. S.; Thornberry, H. H.;
Ehrlich, J.; McGuire, J. M.; Savage, G. M.
and Sylvester, J. C. (1945). Assay of

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



Impact of some Essential Oils and Nanoparticles in Chitosan Films to Control Pathogenic Bacteria............ 1191

streptomycin by the paper-disc  plate
method. Journal of Bacteriology, 50(6), 701.

Martiny, T. R.; Pacheco, B. S.; Pereira, C. M,;
Mansilla, A.; Astorga—Espafia, M. S.; Dotto,
G. L. and Rosa, G. S. (2020). A novel
biodegradable film based on «x-carrageenan
activated with olive leaves extract. Food
Science & Nutrition, 8(7), 3147-3156.

Mohamed, E. H.; Abd El Aziz, R. A. and Zaghlou,
M. N. (2020). Antioxidant, Sensory and
Antibacterial activities of some Essential oils in
Beef Kofta. Benha  Veterinary  Medical
Journal, 38(1), 29-34.

Mohammed, H. H. H.; Jin, G.;Ma, M.; Khalifa, I.;
Shukat, R.; Elkhedir, A. E. and Noman, A.
E. (2020). Comparative characterization of
proximate nutritional compositions, microbial
quality and safety of camel meat in relation to
mutton, beef, and chicken. LWT - Food Science

and Technology, 118, 108714.

Mojaddar Langroodi, A.; Nematollahi, A. and
Sayadi, M. (2021). Chitosan coating
incorporated with grape seed extract and
Origanum vulgare essential oil: an active
packaging for turkey meat preservation. Journal
of Food Measurement and Characterization,
15(3), 2790-2804.

Molayi, R.; Ehsani, A. and Yousefi, M. (2018). The
antibacterial effect of whey protein-alginate
coating incorporated with the lactoperoxidase
system on chicken thigh meat. Food Science &
Nutrition, 6(4), 878-883.

Montafio-Sanchez, E.; Torres-Martinez, B. D. M.;
Vargas-Sanchez, R. D.; Huerta-Leidenz, N.;
Sé&nchez-Escalante, A.; Beriain, M. J. and
Torrescano-Urrutia, G. R. (2020). Effects of
chitosan coating with green tea aqueous extract
on lipid oxidation and microbial growth in pork
chops during chilled storage. Foods, 9(6), 766.

Mutlu-Ingok, A.; Catalkaya, G.; Capanoglu, E.
and  Karbancioglu-Guler, F.  (2021).
Antioxidant and antimicrobial activities of
fennel, ginger, oregano and thyme essential

oils. Food Frontiers, 2(4), 508-518.

Nageb, A. M. M. (2015). Using of natural
antioxidants for improvement quality of meat
products. M.Sc. Thesis. Fac. of Agric., Al-
Azhar University, Cairo, Egypt.

Osheba, A. S. (2003). Studies on the preparation of
some healthy foods. Ph.D. Thesis, Fac. Agric.,
Minufiya Univ.

Oussalah, M.; Caillet, S.; Saucier, L. and Lacroix,
M. (2006). Antimicrobial effects of selected
plant essential oils on the growth of a
Pseudomonas putida strain isolated from
meat. Meat science, 73(2), 236-244.

Panea, B.; Ripoll, G.; Gonzélez, J.; Fernandez-
Cuello, A. And Alberti, P. (2014). Effect of

nanocomposite packaging containing different
proportions of ZnO and Ag on chicken breast
meat quality. Journal of Food Engineering, 123,
104-112.

Patel, J. B.; Cockerill, F. R. and Bradford, P. A.
(2015). Performance standards for antimicrobial
susceptibility testing: twenty-fifth informational
supplement. Clin Lab Stand Institute, 35:3.

Prabuseenivasan, S.; Jayakumar, M. and
Ignacimuthu, S. (2006). In vitro antibacterial
activity of some plant essential oils. BMC
Complementary and Alternative Medicine, 6(1),

1-8.
Priyadarshi, R.; Kim, S. M. and Rhim, J. W.
(2021). Carboxymethyl cellulose-based

multifunctional film combined with zinc oxide
nanoparticles and grape seed extract for the
preservation of high-fat meat products.
Sustainable Materials and Technologies, 29,

€00325.

Raghupathi, K. R.; Koodali, R. T. and Manna, A.
C. (2011). Size-dependent bacterial growth
inhibition and mechanism of antibacterial
activity of zinc oxide

nanoparticles. Langmuir, 27(7), 4020-4028.

Rezaeifar, M.; Mehdizadeh, T.; Mojaddar
Langroodi, A. and Rezaei, F. (2020). Effect of
chitosan edible coating enriched with lemon
verbena extract and essential oil on the shelf life
of vacuum rainbow trout (Oncorhynchus
mykiss). Journal of Food Safety, 40(3), e12781.

Roco, M. C. (1999). Towards a US national
nanotechnology initiative. Journal of
Nanoparticle Research, 1(4), 435.

Sahraee, S.; Milani, J. M.; Ghanbarzadeh, B. and
Hamishehkar, H. (2017). Physicochemical and
antifungal properties of bio-nanocomposite film
based on gelatin-chitin
nanoparticles. International journal of
Biological Macromolecules, 97, 373-381.

Sayadi, M.; Mojaddar Langroodi, A.; Amiri, S.
and Radi, M. (2022). Effect of nanocomposite
alginate-based film incorporated with cumin
essential oil and TiO, nanoparticles on
chemical, microbial, and sensory properties of
fresh meat/beef. Food Science &

Nutrition, 10(5), 1401-1413.

Sayadi, M.; Mojaddar Langroodi, A. and
Jafarpour, D. (2021). Impact of zein coating
impregnated with ginger extract and Pimpinella
anisum essential oil on the shelf life of bovine
meat packaged in modified atmosphere. Journal
of Food Measurement and Characterization,
15(6), 5231-5244.

Sepahvand, S.; Amiri, S.; Radi, M. and Akhavan,
H. R. (2021). Antimicrobial activity of thymol
and thymol-nanoemulsion against three food-
borne pathogens inoculated in a sausage model.

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



1192

Ashraf M. Sharoba and Gaidda A. Makkia.

Food and Bioprocess Technology, 14(10),
1936-1945.

Siddiqi, K. S.; Tajuddin, A.R. and Husen, A.
(2018). Properties of zinc oxide nanoparticles
and their activity against microbes. Nanoscale

Research Letters, 13(1), 1-13.

Snedecor, G. W. and Cochran, W. G. (1994).
Statistical methods. 8" (Edn.), afiliated east-
west press. East-west press Pvt. Ltd., New
Delhi, India.

Stahnke, L.H., (1995). Dried sausage fermented
with  Staphylococcus xylosus at different
ingredient levels Part 1. Chemical and
bacteriological data. Meat Science, 41: 179-
191

with cumin (Cuminum cyminum L.) essential oil
on the quality of refrigerated turkey breast
meat. Italian Journal of Food Science, 30(3).
Valipour Kootenaie, F.; Ariaii, P.; Khademi
Shurmasti, D. and Nemati, M. (2017). Effect
of chitosan edible coating enriched with
eucalyptus essential oil and a-tocopherol on
silver carp fillets quality during refrigerated
storage. Journal of food safety, 37(1), €12295.
Varga, E.; Bardocz, A.; Belak, A.; Maréaz, A;
Boros, B.; Felinger, A.; Bészrményi, A. and
Horvath, G. (2015). Antimicrobial activity and
chemical composition of thyme essential oils
and the polyphenolic content of different
Thymus extracts. Farmacia, 6(3), 357-361.

Suo, B.; Li, H.; Wang, Y.; Li, Z.; Pan, Z. and Al,
Z. (2017). Effects of ZnO nanoparticle-coated
packaging film on pork meat quality during
cold storage. Journal of the Science of Food and
Agriculture, 97(7), 2023-2029.

Taheri, T.; Fazlara, A.; Roomiani, L. and Taheri,
S. (2018). Effect of chitosan coating enriched

Vasilatos, G. C. and Savvaidis, I. N. (2013).
Chitosan or rosemary oil treatments, singly or
combined to increase turkey meat shelf-
life. International Journal of Food
Microbiology, 166(1), 54-58.

Lpia yal) Ly il any 8 aSal) o o) giadd) aBE] 8 4y g3 Cllagaad) g 4 plaad) caga 3l lary il
P Sl s g g d saga i
¢ g daala < Ao 30 A0S ¢ AR cilelial) ad )
L)) Byl dadla ¢ de) 30 A8 ¢ ) gaadl Z LYY andY

Loplaall Jaijally yiel) gy 5 il il el liia e Dogina) ofygindll Zale] G salia) Caags Aahal) sl cupal
il alad) a0l @ a5y GC/MS Slea alasinly doslaall g ill SLaesl (oKl Aha a3 um by Kaall gai 8alasS
S obaal) Janally el cu) ddlia) il Ay Gl g L Auhall piage dnplaal) sl 5 sl Ogidly il sy iy Sual)
((Oslsill desana 5 LySll JSH aaall) Longlanng Saall Bsal) o olysindl) CDle (8 il il aunsh cilisag Osalal) (8 sa €10
B A} Gayis (i) palll a3iSy san (S ( PH (TBA) cliyginlisll) s (TVN) sl (ASH ¢ aaill) 2basll 33921l
OsSal) Lty (£46.48) Jsadill GlS yieil) ey 3 eyl 09SO il camagl o %) £ 6 e anally iAol Lagd agal)
)y < el cn s U padl) o cilig i) sail aliaall Lbiall (i oSy ¢ (£24.00) e Jsins¥) 5o Janall cuy (8 il
5 TVN 8 83l Jana of £laasl) 5agall clial iluall cuyglad L Aglil) gl clia o5 Asill) @il sl ciliga <disal
& el Rl el g sl Lisey 435lae Jasall | ZDNPS 5 el [ ZNNPS ae ofysindd) abiss dlalaal) cilisal) aaaal pH 5 TBA
e Ohsiedl) alis Alaleal) lipall 8 Lpall IS el 8 LSaletsl g sSeall Basall il oyl GBS (53200 aalll 43S sy
ZNNPS o (gl abid alasiuly Luasill 5Ke bl goapud) ojanl olil Jg Sl A 43)ke Ju @) [ ZNNPS 5 el / ZnNPs
Cal i Fada iy Kaal) el lalineS )3l anlll 25K5 il e psalll cilatie delin 3 Lylas Jisall [ ZNNPS 5 i3l /
2yl dapy o gl gl 8 cased ) Jg Sl Alalesy A3lae e B gl ) Jeatl cilaiall 13gd dadal) 55 505 )
O siadd) AR ¢ yie 3l Cu ) JAIAN Cu ) caalll 4GSy o ¢ Ay gilill il cli e ¢ cilig pSaall gall Cilaliaa 1 Al cilalsl)

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022



