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ABSTRACT

ARTICLE INFO

Considering the tendency to use biodegradable packaging films and increase their
antimicrobial ability in recent years, this study aims to investigate different
concentrations of thyme essential oil to improve edible film with physicochemical,
mechanical, antioxidant and Antimicrobial was done. The effect of different
concentrations of thyme essential oil for the production of edible films on the
physicochemical, mechanical, antioxidant and antimicrobial properties was
investigated with a completely randomized design in three replications and Duncan's
multi-range test using Minitab18 software at a probability level of 0.05 were
investigated. The highest tensile strength and elongation at break point was 2.5% in
the treatment. In the treatment of films, the lowest solubility was observed at a
concentration of 3.75% and permeability at a concentration of 2.5% of essential oil. In
all treatments, the turbidity was significant, and in the concentration of 3.75% essential
oil, the turbidity was the highest, and in the same concentration, the highest thickness
was 0.13 mm, which was not significant in all treatments (p<0.05). p). In all edible
film treatments, the antioxidant property using DPPH radicals was significant
(p<0.05). The results of evaluating the antimicrobial activity of the film use of diffusion
disks method showed that the largest diameter of the inhibition halo in the
concentration of 3.75% was related to Staphylococcus aureus with an average halo
diameter of 15.33 mm. Average halo diameter was reported for Pseudomonas
aeruginosa and Escherichia coli, 8.6 mm and 9.52 mm, respectively. The general
results showed that the addition of thyme essential oil at a concentration of 2.5%
produced films that, in addition to inhibiting the growth and proliferation of bacteria,
have sufficient strength and are also capable of being used in perishable food.
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1. Introduction

The use of plastic packaging to cover food due to
its non-degradability and the occurrence of
problems such as the migration of toxic
chemicals such as bisphenol A, alkylphenol,
octylphenol, phthalates, lead, etc. Therefore,
among the coatings that have been widely
considered in the food industry, we can mention
edible composite films [2] and they are
considered as one of the basic ways to control
microbial and physicochemical changes in food
[3]. Films containing gelatin have good
mechanical resistance, and this material can be
used in the production of edible film due to its
gel-forming properties (the presence of proline
and hydroxyproline amino acids) [4]. Gelatin can
form an edible film to protect against drying, light
and oxygen [5]. However, gelatin films have poor
mechanical properties and water resistance [6].
One of the ways to improve the physicochemical
properties of gelatin films is additives such as
essential oils to strengthen its structure [7-11].

In order to reduce the use of antibiotics, chemical
additives and preservatives, natural antimicrobial
substances can be used in the composition of
these packages [12]. However, the gelatin film
has weak antimicrobial and antioxidant
properties, and therefore it is not suitable for
packaging perishable food and meat products [8].
In recent years, in research related to the
production and evaluation of edible films, the use
of essential oils (such as clove, cinnamon, ginger
and basil essential oils) for microbial protection,
postponing food spoilage (chemical and
microbial) and reducing food waste has a
significant place. have achieved [13-16].

In general, essential oils are volatile natural
compounds that are secondary metabolites of
plants that are listed because they are safe.GRAS
Are. This plant is rich in mint tannins,
polymethoxyflavones, triterpenes and
polysaccharides. The most important compound
in thyme essential oil is thymol, which has
antimicrobial, antiviral, antifungal, anti-aflatoxin
and antioxidant properties [17].

Bonilla et al. (2018) investigated the properties of
eugenol and ginger essential oils in
gelatin/chitosan films. Their results showed that
a significant increase in the elasticity of all films
was observed after the addition of active
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compounds, while the water vapor permeability
was largely unaffected [18].

Shahbazi et al. (2018) Antibacterial effect of
gelatin film containing essential oil of Kakuti
plant and grape seed extract
againstStaphylococcus aureus They investigated
in ground beef. Their results showed that the
number of bacteriaStaphylococcus aureus In all
the minced meat samples packed with gelatin
films containing the essential oil of mountain
kakuti and grape seed extract, it is significantly
lower than the control group [19].

ljaz et al. (2018) investigated the
physicochemical properties of type B gelatin
composite film containing clove essential oil and
zinc oxide nanoparticles and its application in
shrimp preservation. The results showed that the
addition of nano particles caused the formation of
a film with low flexibility and mechanical
resistance [20].

Han et al. (2018) investigated the physical
properties  of  sodium  alginate  and
carboxymethylcellulose composite film
containing cinnamon essential oil. Their research
showed that cinnamon essential oil reduces
thickness, permeability to water vapor and
permeability to oxygen [21]. Wu et al. (2017)
investigated the physicochemical properties and
oil release of films containing cinnamon essential
oil. The results showed that the tensile strength,
elongation to breaking point, and moisture
content of the gelatin-based film decreased with
the increase in the concentration of essential oil,
but its permeability to water vapor increased [22].
Langroudi et al. (2018) investigated the
antimicrobial effect of sumac extract with edible
chitosan coating containing Shirazi thyme
essential oil on the preservation of beef packed
with modified and conventional atmosphere.
Their results showed that there was a significant
decrease in the total count of bacteria, lactic acid
bacteria, mold and yeast in all treatments
compared to the control treatment during storage
[23].

Considering that no research has been done on the
antimicrobial effect and characteristics of the
gelatin film containing thyme essential oil, the
purpose of this research is to investigate the effect
of thyme essential oil on its physicochemical,
mechanical, and antioxidant properties due to its
fragrance, antimicrobial properties, as well as
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medicinal properties present in the plant. And
microbial edible film is based on gelatin.

2- Materials and methods

2-1- Materials

Gelatin (Merck KGaA), chemicals and microbial
culture media used in this research are
manufactured by Merck. Thyme essential oil was
prepared from local plants and from the Faculty
of Agriculture of llam University. Microbial
strains were obtained from the Faculty of
Paraveterinary Medicine, llam University.

2-2- Methods

2-2-1- essential oil extraction

Extraction of essential oil from thyme was done
by distillation with water using Clonger machine
for 3 hours at 90 degrees Celsius. Then the
essential oil was collected and stored in a dark
glass at a temperature of 4 degrees Celsius [24].
2-2-2- Film production

Gelatin and thyme essence solutions were
prepared separately. First, a 3% gelatin solution
was prepared with gentle stirring (400 rpm) using
a magnetic stirrer at a temperature of 50 degrees
Celsius. Then 35% of glycerol plasticizer (based
on the weight of the dry material used) was added
and mixed for 15 minutes. In the next step,
concentrations of (0, 1.25, 2.5, 3.75) percent of
thyme essential oil were added to the gelatin
solution and mixed together for 15 minutes. And
after adding 0.2% Tween 80 as an emulsifier to
the samples with a homogenizer (Universal,
Germany), gelatin and glycerol solution were
added and mixed for 20 minutes. Finally, the
resulting solutions were poured into plates with a
diameter of 15 cm and after complete drying (24-
48 hours) at ambient temperature, the films were
separated from the plate and placed inside
aluminum foils in a desiccator containing
saturated magnesium nitrate at a temperature of
25 degrees Celsius and relative humidity. 50%
was placed for 72 hours to perform experiments
[25].

2-2-3- Measuring the thickness of films

The thickness of the produced films by
micrometers (MitutoyoJapan) was measured with
an accuracy of 0.001 mm and at 10 different

1 water vapor permeatability
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points of each sample, and finally the average
thickness was calculated and used to determine
the tensile strength, permeability to water vapor
and turbidity.]25].
2-2-4- film solubility
To determine the solubility, first, pieces of the
film (cm2xcm?2) were cut and placed in 50 ml of
distilled water and stirred with a magnetic stirrer
at a temperature of 25 degrees Celsius for 6 hours.
The degree Celsius had reached constant weight,
it was straightened and weighed (A). The filter
paper with the sample was placed at 120 degrees
Celsius and weighed again after reaching a
constant weight (B). Finally, the solubility of
films was calculated from the following
equation]25[:

(A-B/ A)) x100 = Solubility
2-2-5- Permeability to water vapor
(permeability)
Permeability to water vapor was measured by
gravimetric method (ASTM-E96-95, 1995). In a
14 ml container, 10 ml of distilled water was
poured and covered by gelatin films with an area
of 1.5 cm2. The capped bottle was first weighed
and placed in a chamber containing silica gel with
a certain relative humidity and temperature. The
container was weighed every 12 hours for 3 days.
Then the graph of changes in the weight of the
dish was drawn against time. Its slope was
calculated and the permeability to water vapor
was calculated with the following formula]26[.

WxX WxX

WVPl(gm'lwell'ls'l):A Xt=xApAxXtxAp
W the difference in the weight of the bottle, X the
thickness of the gelatin film, A the area of the
gelatin film (m?), t time in seconds and&p Ap
The atmospheric vapor pressure difference
contains thyme essential oil and pure water.
2-2-6- Mechanical characteristics
The mechanical properties of the films include
tensile strength (MPa), elongation to breaking
point (%) and Young's modulus (MPa). These
characteristics were calculated based on the
ASTM-D882 standard and using a texture
measuring  device  (TA-Plus, England)
(ASTM2001). First, the movies are in cm? 1x10
were cut and the thickness was calculated at 10
points. The films were treated for 3 days in a
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desiccator containing magnesium nitrate solution
with a humidity of 55% and a temperature of
25°C, and then they were placed between two
jaws of the histogram machine with an initial
distance of 50 mm and a speed of movement of
the jaw of 50 mm/min, and the mechanical
characteristics included strength Tensile strength,
the percentage increase in length to the breaking
point (the change in the length of the sample
divided by the initial length multiplied by 100)
and also the Young's modulus were calculated
from the force curve in terms of
deformation.]25[.

2-2-7- Antioxidant properties

The antioxidant activity of gelatin films was
measured by radical color change from purple to
yellow hydrazines. For this purpose, 30 mg of
each film was dissolved in equal proportions of
distilled water and methanol (ratio 3:3). After all
the films were dissolved, it was centrifuged at
4000 rpm for 15 minutes (Universal, Germany).
Then it was kept at 4°C for 12 hours (1 night rest)
and centrifuged again for 15 minutes at 4000 rpm.
Then, 1 ml of the upper part of the centrifuged
solution of each film was mixed with 4 ml of 0.1
mM methanolic DPPH solution and kept in the
dark for 30 minutes. Then the absorbance of each
at 517 nm was measured by a spectrophotometer
(As). As a control, 1 ml of water and methanol
solution (3 ml of distilled water + 3 ml of
methanol) was incubated with 4 ml of 0.1 mM
methanolic DPPH solution for 30 minutes in the
dark in an incubator (Memmert, Germany) and
absorbed. It was measured at 517 nm with a
spectrophotometer (Shimadzu, Japan) (Av).
Finally, the radical scavenging activity was
calculated according to the following equation

[25]:
DPPH scavenging activity(%) = w x 100
b
2-2-8-Film opacity measurement
A spectrophotometer (Shimadzu, Japan) was
used to determine the optical properties of the
films. For this purpose, film samples were cut to
9%x40 mm and placed inside the
spectrophotometer cell. A blank cell sample was
also considered as a control. The amount of light
passing through different wavelengths and also
its absorption at a wavelength of 500 nm was
checked and calculated from the following
formula to measure turbidity [25].
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Film thickness / absorbance at 500 nm = film opacity

2-2-9- Measurement of antimicrobial
activity

From the agar disk diffusion method to determine
the antimicrobial activity of films on
bacteriaEscherichia coli« Staphylococcus aureus
AndPseudomonas aeruginosaused. For this
purpose, UL100 (cfu/g®10) From each of the
bacterial suspensions, Mueller Hinton agar plates
were inoculated. Then 6 mm discs were cut from
each film and placed on its surface. Then they
were kept in a greenhouse at a temperature of
3512 degrees Celsius for 24 hours. Finally, the
diameter of the growth inhibition zones (mm)
was measured to determine the antimicrobial
activity [25].

2-2-10- Statistical analysis

All experiments were performed in three
replicates (n=3) with completely random
sampling. One-way analysis of variance

(ANOVA) and comparison of mean data based
on Duncan's multiple range test using Minitab
softwaress It was done at the probability level of
0.05.

3. Results and Discussion

3-1- Thyme essential oil analysis
Essential oils are complex compounds that can
range from 20 to 60 compounds. Thyme essential
oil compounds identified by GC-MS (Shimadzu,
Japan) are listed in Table 1. The results showed
that the dominant compound in thyme essential
oil is thymol (39.44%). After that, P-cymene and
Y-terpinene account for 23.6 and 12.51%,
respectively.
Tablel. Chemical composition of thyme
essential oil
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Composition Value(%) direction as the
3-2- Mechanical Thymol 39.44 Young's model
> omer ms  vmem T
The results of the Y-Terpinene 12.51 Young's model is
mechanical tests of Ledol 2.24
the combination of probaply bgcause the
atin il i Aromadenrrene 212 essential oils are in
g?f? :nnt fim-wi Caryophyllene 0.94 the form of oil
c:)nie?ltrations of Farnesyl acetate 0.63 droplets. It can
thyme essential ol Linalyl acetate 0.55 improve the elastic
which  indicate thé -pinenea 0.68 properties that occur
maximum  tensile -thujonea 0.52 as a  result of
stress and  the Geanyl acetate 0.44 _ . Increasing
. . longitudinal changes
hardness of the film Bisabolene 0.27 compared o
and_ are relate_d to its 3- eicosene 0.26 transverse changes in
chains and internal Farnesyl 0.52 chains and
links, are shown in
Table 2, which are ol o2 compounds [21].
Si nificaht in all tests “pinencp 0.2 Several factors such
angd the amount There Thujanl 017 as morphology and
were significant Camphor 0.17 macromolecular
differences in tensile Ethyl butyrate 0.63 structure, - size - and
strength between Caryophyllene oxide 0.13 dispersion of
different treatments Nerolidol 0.077 particles as well as
the degree of
(p<0.05). By Globulol 0.02 . .
increasing the Hexadecanoic acid 0.019 Interactlon betwe;en
' particles are effective
percentage of 7-tetradecene 0.032 in mechanical
increase compared to p-menth-2-in-1ol 0.10 Hosseini et al.(2013)
the control filrr)n (0%) 5-a-pergn- 16-en-20 one 0.36 investigated the
The highest value 001; Octadecanoic methyl ester 0.14 characteristics of
the tes% i related to Ethyl chrysanthemumate 0.005 chitosan-gelatin
the treatment of  2-Pentadecanone6,10,14trimethyl 0.07 polyme_rs in different
proportions. The

2.5%, and with the increase in the percentage of
essential oil, this trend decreases, which is
probably due to the intermolecular bonding due
to the influence of the plasticizer, and the tensile
strength decreases [27]. The increase in length to
breaking point (extensibility) in all samples has a
significant difference (p<0.05) and has a greater
value than the control treatment, and the highest
value is 2.5% for the treatment, which is probably
due to There is more water absorption and
stronger hydrogen bonds in the gelatin protein
structure, and the oil plasticizer increases the free
volume in the sample, which is in the same

results showed that adding chitosan increased the
tensile strength of the film [27].

Tongwanchan et al. (2016) in investigating the
properties of fish skin gelatin film containing
palm oil and basil essential oil with different
surfactants found that the addition of essential oil
decreased the tensile strength [16]. Wu et al.
(2017) also obtained similar results during the
investigation of fish gelatin films containing
cinnamon essential oil. Due to the presence of
different compounds in essential oils of different
origins, these compounds are effective in
interacting with protein in different ways [22].

Table 2 Mechanical edible film properties
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i i Values with
different Treatment stre-r:SPhS(lll\?lpa) Elgpe%il(tz% i} Young modulous(Mpa) letters are
significantly 0.00% 0.51%+3.59 0.029+10.44 1.25%26.5 different
0‘;“%”:"??;‘,5 1.25% 0.2047.2 0.45b+15.14 2.01°+43.65 Othteerstb:tse"'
(p<0.05) 2.5% 0.14%+9.17 0.05%+19.37 1.55%+63.7
3-3- 3.75% 0.32°45.71 0.22°+13.33 1.42¢433.57 R groups

Physical properties of films prepared
with different treatments (solubility,
permeability to water vapor, turbidity

and thickness)

The results of solubility, water vapor
permeability, turbidity and thickness are shown
in Table 3. No significant difference was
observed in the properties of solubility value for
control and 1.25% treatments (p<0.05), but the
response of other concentrations was significant
(p<0.05). The results showed that in the presence
of different concentrations of thyme essential oil,
the lowest solubility was related to treatments
containing 3.75%. In general, the highest and
lowest amount of solubility was related to control
treatment and 3.75% treatment, respectively, so
that it decreased significantly from 93.88% to
63.76% (p<0.05).

By increasing the concentration of essential oil,
due to its oily nature, it is placed inside the
network of biopolymers, so essential oil causes
more mobility of the polymer network and as a
barrier weakens the polymer network. The
difference in solubility is dependent on the
concentration and nature of the functional groups
of the compounds in the composite films [14].
Adding essential oil to the composition of the
film, depending on the type of chemical
compounds as well as its hydrophobic nature, can
cause the non-polar components of the essential
oil to interact with the hydrophilic domain of
gelatin and increase the hydrophobicity and
decrease the solubility of the film [14].
Avlinajamriz et al. (2018) investigated the effect
of lavender essential oil on the film of
starch/forcellaran/gelatin and found that the
solubility of the films in water decreased with the
increase in the amount of essential oil [12].
Mehrjahamd et al. (2018) also obtained similar
results in the study of the effect of bergamot and
lime essential oil on the film prepared from
gelatin [28]. Adding cross-linking compounds to
the gelatin film depending on the polarity of the
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and also depending on the type of cross-linking
compound can create hydrogen bonds, polar-
polar, covalent or ionic bonds (salt bridge) [28-
30].

The results of water vapor permeability showed
that by adding thyme essential oil, the
permeability decreased significantly in all
treatments compared to the control film (p<0.05).
The lowest rate of permeability was 2.5% of the
film and the highest rate of permeability was the
control film.

The penetration and passage of steam through the
hydrophilic part of the film expresses the
permeability to water vapor. The nature of
biopolymers and added compounds, the structure
of the biopolymer in the film matrix, the thickness
and also the ratio of hydrophilic to hydrophobic
in edible films have an effect on the degree of
permeability to water vapor [6]. . The decrease in
WV/P can indicate an increase in the interaction
and connections of thyme essential oil with
gelatin polymer and creating a denser structure.
Creating cross connections in the polymer matrix
can reduce the free volume of the film matrix; It
can also affect the orientation of the protein in the
film structure and cause an increase in
hydrophobic amino acids on the film surface and
as a result change in the permeability of the film
[18]. The excess amount of thyme essential oil,
which is higher than the reactivity capacity of the
gelatin polymer, can cause a heterogeneous
structure and irregularity in the structure of the
gelatin film. Also, by having a plasticizing role,
thyme essential oil can increase molecular
mobility and increase empty space in the film
matrix [18]. Mehrjahamd et al. (2018) observed
that mixing a higher level of bergamot essential
oil increased the permeability, but a higher
concentration of lime essential oil led to a
decrease in the permeability of gelatin films [30],
which they stated was the difference in the nature
of the essential oils under investigation.
Turbidity is a measure to measure the
transparency of films. The higher the turbidity,


http://dx.doi.org/10.22034/FSCT.19.135.129
https://dorl.net/dor/20.1001.1.20088787.1402.20.135.11.7
https://fsct.modares.ac.ir/article-7-68097-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-12 ]

[ DOR: 20.1001.1.20088787.1402.20.135.11.7 ]

[ DOI: 10.22034/FSCT.19.135.129 ]

Iranian Journal of Food Science and Industry

No. 135, Volume 20, May 2023

the lower the transparency and can prevent
oxidative spoilage in packaged foods. The
comparison of the turbidity of the produced films
showed that there is a significant difference
between the turbidity of different treatments
(p<0.05) and the high amount of turbidity is in
films with a large amount of essential oil, which
is probably related to the impurity level of gelatin
and essential oil, which causes an increase in
substances The solid becomes soluble in water
[22].

Similar to this study, the increase in the ratio of
locust beans - gum made edible films cloudy.
Contrary to the results of this research, increasing
the level of glycerol in the film prepared from
chickpea protein and Shirazi Gadomeh gum led

to a decrease in turbidity [14].

There is no significant difference in the thickness
of the films between the control treatment and the
1.25% treatment, and it also follows this trend at
higher concentrations of essential oil (p>0.05).
The thickness of the film in the control treatment
was 0.11 mm, and with the addition of essential
oil, the thickness of the film increased
significantly, so that the highest thickness of the
films with the treatment of 3.75% of the essential
oil treatment. The increase in the thickness of the
films in the presence of essential oil is probably
due to the reaction between the compounds in
them. Of course, the placement of extract
molecules in the film is also effective in
increasing the thickness [14].

Table 3 Physical properties of films

Permeatability(gm-

Treatment Solubility(%) 15 hell) Turbidity Thickness(mm)
0.00% 1.4°+93.88 0.02°+1.6 0.16+0.12 0.001°+0.11
1.25% 1.99%+91.51 0.02°+1.23 0.01°+0.92 0.005°+0.11
2.5% 2.81°+74.4 0.1°+8.3 0.17°+1.25 0.0072£0.12
3.75% 3.82°£63.76 0.39°+9.4 0.04°£1.78 0.001%+0.13

Values with different letters are significantly different from each other based on Duncan's test at (p<0.05)

3-4-Antioxidant properties

Figure 1 shows that with the increase of essential
oil concentration, the antioxidant activity of the
treatments increased significantly compared to
the control film (p<0.05). The results showed that
all the studied treatments had the ability to inhibit
free radicals. In the Shahid treatment film, an
average value of 1.05% of antioxidant activity
was observed, which could be due to the presence
of certain amino acids such as glycine and proline
in gelatin, as well as the presence of cyclic amino
acids, tryptophan, phenylalanine, and tyrosine
[31]. Ramzi et al. (2011) The weak antioxidant
activity of the essential oil of Bacillus species to
reduce the DPPH radical was attributed to its low
content of phenolic compounds [32]. Akhtar et al.
(2019) reported that the nature of the film and the
difference in the antioxidant power of the added
compounds have an effect on the antioxidant
activity of the films [33].

135

12

DPPH(%)

0.00 125 2.50 375
treatment thyme(%)
Fig 1 Antioxidant properties of control film and films
with different oncentrations of thyme essential oil

5-3- Antimicrobial activity

The effect of different films of thyme essential oil
on reducing or preventing the growth of
microorganismsStaphylococcus aureus:
Escherichia coli AndPseudomonas aeruginosalt
was investigated by agar diffusion method. The
amount of microorganism growth inhibition
(diameter of non-growth halo) is shown in Table
4, The results showed that in the control film,
little antimicrobial activity was observed against
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all three studied species, which can be ignored,
but the addition of different concentrations of
thyme essential oil to the gelatin film structure
inhibited the growth of all three studied bacterial
species. Increasing the concentration of thyme
essential oil had a significant effect on increasing
the diameter of the growth halo of the
investigated microorganisms (p<0.05). The
highest rate of growth inhibition in all three
bacterial speciesPseudomonas
aeruginosaAndEscherichia coli In the treatment
of 1.25% and bacteriaStaphylococcus aureusin
the treatment, it was 3.75%. ToStaphylococcus
aureus With the increase of essential oil
concentration, the rate of growth inhibition
increased so that the maximum diameter of the
halo of no growth was 15.33 mm corresponding
to the 3.75% treatment.

The diagram of the inhibition rate of the growth
of microorganisms (diameter of the halo of non-
growth) is shown in Figure 2. The results showed
that in the control film, the antimicrobial activity
against all three studied species is similar and
negligible. Antimicrobial activity of treatments
containing thyme essential oil can be the result of
synergistic effect of monoterpene hydrocarbons
and its derivatives. Studies have shown that
minor ingredients (with low concentration) in the
composition of films can play an important role

in the antimicrobial activity of films [30]. Rehana
Akhtar et al. (2019) in the study of biocomposite
films containing rosemary and mint essential oils,
found the inhibition of the growth of both Gram-
positive and Gram-negative bacteria groups to be
the result of the presence of polyphenolic
compounds [33]. Essential oils through various
mechanisms including: disruption of
phospholipid cell membrane and cytoplasm
leakage, reaction with cell membrane respiratory
enzymes as well as inhibition of enzyme
synthesis in mitochondria, effect on genetic
material and nuclear compounds by electrophilic
compounds, reduction of energy in microbial
cells due to release The protonation of hydroxyl
groups or the formation of hydroperoxidase fatty
acids (resulting from the oxygenation of
unsaturated  fatty  acids) can affect
microorganisms. In general, the effectiveness of
the edible film against microbial growth depends
on the nature of the essential oil and the type of
microorganism. Therefore, it can be concluded
that due to inhibiting the growth of both Gram-
positive and Gram-negative bacteria groups,
gelatin composite films can be effective for food
preservation and increase the shelf life and
maintain the quality and safety of the product
[25].

Table 4 The antimicrobial activity (diameter of the growth inhibition zone (mm)) of the combined films
of thyme essential oil on the tested model microorganisms

Treatment Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli
0.00% 0.01°+£0.07 0.24°+0.27 0.14°+0.17
1.25% 0.15+8.6 0.13°+12.82 0.045¢4£9.52
2.5% 0.328+7.9 0.09°+13 0.35%+8.99
3.75% 0.06°+8.44 0.7°+£15.33 0.21°+8.89

Values with different letters are significantly different from each other based on Duncan's test at (p<0.05)

. .

Antimicrobial Activity

000 125 250 3.75 000 125 250 3.75 000 125 250 3.75
(Ecoli) (Staph) (Psudomonas) )

thyme(%)

Fig 2 Antimicrobial activity of gelatin films with
different concentrations of thyme essential oil
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