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Introduction:Synthetic plastics such as polypropylene, polyethylene and polystyrene are used as packaging
materials in the food industry, which cause environmental pollution due to their non-degradability. In this way,
solving this problem with biodegradable materials has been investigated. The increase in environmental problems
caused by plastic packaging has led to the increasing use of food packaging. Biopolymers extracted from food
sources can be used as materials for biodegradable films. Among these biopolymers, gum obtained from Psyllium
seed has the ability to form a good film and films based on gum obtained from Psyllium seed have desired physical
properties. One of the important properties of packaging is the protection of food against antimicrobial
contamination, so in order to increase this property, nowadays packaging with antimicrobial properties is being
investigated. One of them is the addition of various compounds with antimicrobial properties in food packaging,
such as herbal essential oils. Recently, the use of essential oils obtained from plants has received a lot of attention
from food producers and consumers. An important use for them in food is flavoring, so essential oils play an
important role in consumer satisfaction and affect the amount of food consumption. The preparation of edible film
containing different essential oils has been studied by different researchers, but Oliveria decumbens essential oil
has not been studied in the formulation of the film obtained from Psyllium seed gum. Therefore, the purpose of
this research is to add Oliveria decumbens essential oil in the formulation of the film obtained from Psyllium seed
gum and to investigate the mechanical, physical and antimicrobial properties of the resulting edible film.
Material and Methods: In this research, edible films were made based on Psyllium seed gum enriched with
different proportions of Oliveria decumbens essential oil, and the physicochemical properties of the films included
thickness, moisture content, permeability to water vapor, tensile strength, elongation percentage, morphological
and thermal properties were investigated. All experiments were done in three replicates. Statistical analyzes were
performed in the form of completely randomized design using STATISTICA version 13 software. Average
treatments were compared using Duncan's method at the 99% confidence level. Excel 2010 software was used to
draw the figures.

Results and Discussion: The results of the analysis of Oliveria decumbens essential oil compounds by GC/MS
identified a total of 8 compounds. The results showed that by increasing the amount of Oliveria decumbens
essential oil, the thickness and percentage of length of the films increased significantly (p < 0.05), but the moisture
content, permeability to water vapor, tensile strength, melting temperature (Tm) and the temperature of glass
transition (Tg) decreased significantly (p>0.05). The addition of Oliveria decumbens essential oil in
concentrations to the films based on Psyllium seed gum significantly reduced the final tensile strength of the
samples. In these films, the lowest and the highest ultimate tensile strength were related to the films containing
3% by volume of essential oil (14.28 MPa) and 1% by volume of essential oil (22.83 MPa). Oliveria decumbens
essential oil added to the films also showed the softening characteristic which was obtained from the results of
strain to breaking point. The images obtained from the electron microscope showed that the control film (without
essential oil) had a homogeneous and uniform structure. The melting peak of the control film appeared at the
temperature of 81.8 °C. This peak decreased to 80.3, 77.0 and 1.70 °C in films containing different proportions of
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Oliveria decumbens essential oil (1%, 2% and 3%). This decrease in temperature can be due to the decrease in
the hydroxyl groups of Psyllium seed gum, which cause the creation of strong hydrogen bonds between polymer
chains.

Conclusion: In this research, the possibility of producing edible films based on Psyllium seed gum as a new
hydrocolloid source was investigated and then the effect of adding different concentrations of Oliveria decumbens
essential oil on these films was investigated and finally the properties of the films was examined without essential
oil and with essential oil. The results of the analysis of Oliveria decumbens essential oil compounds by GC/MS
identified a total of 8 compounds. The results showed that by adding essential oil to the films, thickness increases
and moisture content, water vapor permeability, ultimate tensile strength, melting temperature and glass transition
temperature decrease. More extensive research is needed to enable the use of these films in food packaging.
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Table 1. Analysis of Oliveria decumbens essential oil including percentage, type of compounds and retention time.

No. Compound Retention time Percentage (%)

1 B-Pinene 11.505 2.84
2 B-Myrcene 33.375 0.23
3 p-Cymene 34.553 5.49
4 D-Limonene 34.947 3.45
5 y-terpinene 35.406 15.95
6 Thymol 42.634 41.24
7 Carvacrol 43.377 11.76
8 Miristicin 43.623 16.90

Total 97.86
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Table 2. Thickness, water vapor permeability, moisture content and mechanical properties (ultimate tensile strength and strain to breaking
point) of the films based on Psyllium seed gum enriched with different proportions of Oliveria decumbens essential oil.

Film properties Control 1 % v/v essential oil 2 % v/v essential oil 3 % v/v essential oil
Thickness (um) 9.71+0.09¢ 14.98+1.27¢ 19.65+2.22° 26.50+2.272
WVP (g mm/kPa hm?) 0.23+0.112 0.19+0.09° 0.16+0.07¢ 0.130.04¢
Moisture content (%) 25.34+1.272 21.68+1.07° 17.88+0.91¢ 13.58+0.594
Tensile strength (MPa) 26.10+0.63? 22.83+0.46° 19.65+0.26° 14.28+0.134
Strain to breaking (%) 12.04+0.08¢ 16.87+0.14°¢ 20.64+0.18° 24.45+0.212
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Figure 1. Scanning electron micrographs obtained from the films based on Psyllium seed gum (control) and enriched with different
percentages of Oliveria decumbens essential oil.
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Figure 2. Thermal properties of films based on Psyllium seed gum (control) and enriched with different percentages of Oliveria decumbens
essential oil.
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