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Abstract
Liposomal encapsulation was used in this research to bring about sustainable release of the essential oil from the edible film. 
For this purpose, the Psyllium seed gum (PSG) film was enriched with various levels (1–3% w/w) of Oliveria decumbens 
essential oil nanoliposomes and the physicochemical, mechanical, structural (FTIR and SEM), thermal (DSC), antimicrobial 
and antioxidant properties of films as well as the release of essential oil from the films were evaluated. GC-MS analysis 
showed that Thymol is the main compound in O. decumbens essential oil. Based on the results, with increasing the concen-
tration of nanoliposomes in the film structure from 1 to 3%, thickness and contact angle increased. Water vapor permeability 
decreased with increasing nanoliposomes concentration. The control film indicated lower tensile strength and higher elon-
gation compared to the films incorporated with nanoliposomes. The nanoliposomes significantly improved the antioxidant 
and antibacterial properties and the melting point of the film. The results of Fourier transform infrared spectroscopy and 
scanning electron microscopy confirmed the loading of essential oil in the structure of nanoliposomes and the placement of 
nanoliposomes in the structure of PSG films. The increase of nanoliposome concentration significantly effects the release 
profile of the essential oil from PSG films. PSG films loading O. decumbens essential oil encapsulated in nanoliposomes 
can be applied to selected foods, partially replacing non-biodegradable/non-edible plastics.
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Introduction

Because of their remarkable aroma, oil and oxygen bar-
rier characteristics, polysaccharide-based films are gain-
ing popularity in the food packaging industry [1]. Psyllium 
(Plantago ovata Forsk) is an annual plant belongs to the 
Plantago family that it is the native of Iran [2]. PSG is an 
arabinoxylan polysaccharide containing 74.6% xylose and 
22.6% arabinose [3]. PSG has many benefits in medicine, 
pharmaceutics, and food manufacture [4]. Recently, Psyllium 
seed gum (PSG) has been introduced and applied as a novel 
resource of sustainable films due to its low cost, biodegrad-
able, abundance, and gel-forming properties [5]. However, 
some disadvantages such as poor mechanical properties of 

the films based on PSG have limited its practical applica-
tions [3]. Furthermore, previous studies have been shown 
that incorporation of bioactive compounds into PSG-based 
films influenced the physicochemical properties of films and 
controlled the release of bioactive compounds into the food 
during storage [2].

Insertion of natural bioactive components such as essen-
tial oils, phenolic compounds or alpha-tocopherol in the 
packaging systems for the development of active packag-
ing and enhancing food shelf life is a recent trend in the 
food research centers [6]. These active compounds can be 
embedded into films to maximize supplementary properties 
of the films such as their antioxidant capacities and desir-
able sensory properties [7]. However, the direct addition of 
bioactive compounds in edible films faces with some limita-
tions such as undesirable effects on the quality of the pack-
ages [8]. Furthermore, the phase separation and chemical 
and thermal degradation can be occur during production of 
the film after the addition of bioactive compounds into film 
forming polymer [9].
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Oliveria decumbens is a valuable medicinal plant which 
can be used for the preparation of such active packaging with 
numerous phenolic compounds [10]. O. decumbens belongs 
to the umbelliferae family, is an endemic plant of Flora Ira-
nian, and a couple of important phenolic compounds includ-
ing β-pinene, β-myrcene, p-cymene, limonene, δ-terpinene, 
thymol, carvacrol and miristicin have been found in the com-
positional investigations of O. decumbens [10]. Sensitivity 
of O. decumbens active compounds to light and oxygen leads 
to lower stability of these compounds during processing and 
storage, limiting application and potential health benefits 
of O. decumbens bioactive components in food industry. In 
order to preserve O. decumbens nutraceuticals from degra-
dation, entrapment techniques including nanoparticles [9], 
microcapsules [11] and emulsions [12] have been employed.

In recent years, nanoliposome is considered as an appro-
priate transfer system in food industry. These lipid careers 
are formed of phospholipid bilayer membranes surround-
ing an aqueous part [13]. Consequently, nanoliposomes 
can encapsulate both hydrophilic and hydrophobic bio-
active compounds by maintaining them in the aqueous 
phase (hydrophilic compounds) or in their bilayer walls 
(hydrophobic compounds) [14]. Due to improve in vivo 
and in vitro stability along with bioavailability of bioac-
tive compounds, nanoliposomes are valuable transfer sys-
tems. Nanoliposomes are enable to load a wide range of 
bioactive components into their structure such as curcumin, 
polyphenols, essential oils, antociyanins, plant extracts and 
bioactive peptides [9]. However, the present study is first 
report on the encapsulation of O. decumbens essential oil 
in nanoliposomes.

Although, application of liposomal-encapsulated essen-
tial oils in packaging films has been evaluated before but the 
present study is first report on the encapsulation of liposo-
mal-encapsulated O. decumbens essential oil in edible films. 
As an example, Kamkar et al. [15] assessed the potential 
of active packaging films prepared by loading essential oil 
nanoliposomes in chitosan biopolymers for enhancing the 
shelf life of chicken breast fillet, and found out that the popu-
lation of total viable count, psychrotrophic bacterial count, 
coliforms and S. aureus of fillets packaged with chitosan 
biopolymers having liposomes was roughly 1 Log CFU/g 
less than their population of fillets covered with chitosan 
alone after 7 days.

Therefore, our main objective of the present study was to 
facilitate “nanoliposomal” encapsulation of O. decumbens 
essential oil in an edible film to enhance physicochemical, 
mechanical, antioxidant and antimicrobial properties of 
PSG-based films. Physicochemical interactions between 
nanoliposomes and encapsulated O. decumbens essential 
oil were analyzed as well as release behavior of bioactive 
compounds from liposomes were assessed. The morpho-
logical properties and molecular interactions between PSG 

molecules and bioactive compounds of O. decumbens essen-
tial oil were also studied by SEM and FTIR analysis.

Material and methods

Materials

Phosphatidylcholine (purity > 99%) was purchased from 
Sigma (Germany). O. decumbens plant and Psyllium seed 
were bought from a local market (Shiraz, Iran). 2,2-Diphe-
nyl-1-picrylhydrazyl (DPPH), acetic acid, sodium dodecyl-
sulphate, n-hexane, 1,4-dioxane, methanol and other chemi-
cals were purchased from Fisher Chemical Company (USA).

Preparation of Oliveria decumbens essential oil

Frist, the flowering aerial parts  of O. decumbens were 
cleaned and washed. Then, the plant was powdered using 
a lab grinder. The powders were subjected to hydrodistil-
lation with the Clevenger under optimal operational condi-
tions with a temperature of 40 °C as described by Behbahani 
et al. [10]. One hundred grams (100 g) of the powdered plant 
was mixed with 800 mL of distilled water. The distillation 
process was performed for 3 h, and the obtained essential 
oil was collected and dehydrated using anhydrous sodium 
sulphate.

Identification and quantitation of the essential oil 
chemical composition

The chemical composition of O. decumbens essential oil 
was identified and quantized by a gas chromatography/
mass spectrometry (GC/MS) (Agilent Technologies Inc., 
USA) with a flame ionization detector (FID). Helium gas 
in a 30 m DB-5 capillary column was used as carrier at a 
rate of 1.2 mL/min with an injection volume of 1.5 μL. The 
column temperature program was as follows: 5 min isother-
mal at 50 °C, increased to 280 °C at a rate of 3 °C/min and 
finally held at this temperature for 10 min. Injector and 
detector temperatures were 280 °C and 300 °C, respectively. 
Mass spectra were analyzed at 70 eV ionization energy. 
The obtained information of the device were calculated by 
EZChrom Compact Elite software (Agilent, USA).

Preparation of nanoliposome

Nanoliposome was prepared according to Molaveisi et al. 
[16, 17]. Briefly, 5 mg of O. decumbens essential oil and 
400 mg of phosphatidylcholine were added to 20 mL of 
distilled water in a 50 mL flask. Then, the content of the 
flask was stirred for 5 h under nitrogen atmosphere. At this 
stage, micrometer multilayer liposomes will be formed. To 
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obtain monolayer liposomes, first, the liposome solution 
was homogenized (IKA Company, Staufen, Germany) at 
12,000 rpm for 5 min. Then, the resulting emulsion was 
sonicated (5 cycles, 1 min on, 3 min off, 40 kHz, 40% power) 
with a sonicator Vibra Cell 75,115 (Bioblock Scientific, 
Illkirch, France) inside the ice bath. The monolayer nanoli-
posome was kept in plastic tubes under nitrogen in the dark 
at refrigeration temperature.

Characterization of nanoliposome

Particle size

After dispersing 5 mg of the sample in 10 mL deionized 
water, a Zetasizer Nano ZS90 (Malvern Instruments Ltd., 
UK) was used for the determination of the mean diameter 
of nanoliposomes.

Ζ‑Potential

The ζ-potential of nanoliposome was measured by a Zeta-
sizer Nano ZS90 (Malvern Instruments Ltd., UK).

Extraction of Psyllium seed gum

The extraction and purification of PSG was carried out 
according to the method of Askari et al. [3]. In brief, 10 g of 
psyllium seeds were washed three times with ethanol (96% 
w/v) on a magnetic stirrer at 800 rpm for 15 min. The psyl-
lium seeds were then dried in an oven at 70 °C for 45 min. 
After drying, to extract gum from psyllium seeds, the seeds 
were mixed with 200 mL of distilled water at 70 °C. The 
resulting solution was then placed on a heater (at 70 °C) and 
stirred at 1200 rpm for 90 min. The solution was then filtered 
through a suitable cloth and dried in an oven at 40 °C for 
24 h. The dried gums were powdered by an electric grinder 
(Impact mill M 20, IKA, Germany). The powdered gum was 
kept at room temperature.

Film preparation

Frist, 1.2 g of the dried PSG powder was added to 100 mL of 
distilled water in a 200 mL flask and then stirred on a heater 
stirrer at 1200 rpm for 30 min and allowed to hydrate for 
24 h at 70 °C. After reaching this temperature, glycerol was 
added as a plasticizer to 1.2% w/w and stirred for one hour 
at 70 °C. Then, after cooling the film solution, the prepared 
nanoliposomes with 3 different levels (1%, 2% and 3% w/w 
based on gum weight) were added to the film solution, and 
30% v/v of Tween-20 was added to each sample. After com-
plete homogenization of the film solutions, each of them was 
dried for 48 h at room temperature. All measurements were 

performed at 25 ◦C and 4 times. All the experiments were 
replicated three times [16, 17].

Film characterization

Scanning electron microscope (SEM)

A scanning electron microscope (S-360, Oxford) was used 
for observing the morphology of the developed films accord-
ing to the method of Hajirostamloo et al. [18]. The films 
in both vertical and horizontal directions were coated with 
a thin layer of gold in a high vacuum coating system for 
10 min. Then, the films were imaged at an operating voltage 
of 20 kV. The surface and cross-section of the films were 
observed at magnification of 500–1000×, respectively.

Fourier‑transform infrared (FTIR)

A FTIR spectrophotometer was used to collect Fourier trans-
form infrared (FTIR) spectra of the film samples, equipped 
with the ATR diamond module  (Jasco® series 4200). Assess-
ments were performed at room temperature with 18 scans 
per sample in the range of 500–4000  cm−1 while the resolu-
tion was monitored at 32  cm−1 [19].

Differential scanning calorimetry (DSC)

A differential scanning calorimetry instrument (Shimadzu 
Scientific Instruments, 154 Kyoto, Japan) was used for 
determination of the thermal properties of the films. The 
samples (5 ± 0.2 mg film) were sealed in aluminum tubes. 
The samples were put in device and heated under nitrogen 
flow (50 mL/min) from − 20 to 250 °C at a rate of 10 °C/
min [20].

Thickness

The thickness of the films obtained from psyllium gum was 
measured by a digital micrometer. Thickness was deter-
mined from ten points of the film and the average of the 
numbers was considered as the film thickness [3].

Water vapor permeability

WVP was measured according to Kadam et al. [21]. For this 
purpose, anhydrous calcium chloride was poured into special 
glass containers. The surface of the dishes was then covered 
with film using parafilm. Thus, due to the moisture absorp-
tion of anhydrous calcium chloride, the relative humidity 
(RH) inside the cells became zero (0% RH). The cells were 
then transferred to a desiccator containing saturated brine 
(75% RH). Changes in cell weight over time were measured 
using a digital scale with an accuracy of 0.0001.
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Mechanical properties of film

The mechanical properties of the films [tensile strength 
(TS) and elongation at break (E)] were investigated by a 
texture analyzer (TA-XT PlusTM, Stable Micro Systems, 
England) using Exponent software (ASTM, D882-10). The 
films were cut in 20 × 60  mm2. Then, the film samples were 
drawn between two grips at a speed of 1 mm/s [22].

Contact angle

The contact angle of the films was measured using a Canon 
digital camera (EOS 550). Briefly, a small drop of water was 
placed on the surface of the film using a microsyringe and 
then the contact angle of the drop with the surface of the film 
was immediately photographed. Image J software was used 
to calculate the contact angle of the drop with the surface 
of the films. The angle between the tangent line on the drop 
at the point of contact and the line drawn along the surface 
of the film represents the contact angle. Experiments were 
performed for each film in three replications with five drops 
on the surface [23].

Release of Oliveria decumbens essential oil from the films

Release of O. decumbens essential oil from the films was 
estimated according to Hajirostamloo and Molaveisi [19]. 
For this purpose, water was used as a food simulator to study 
the release of the essential oil from the coatings. Briefly, 
after cutting the samples in a dimension of 2 × 2  cm2 and 
immersing in vials containing 10 mL water, the vials were 
kept in the dark for 4 days and the volume of the released 
essential oil was read continuously by a UV–Vis spectro-
photometer at 298 nm.

Antioxidant activity of films

This parameter was obtained on the basis of DPPH discol-
oration as described by Sani et al. [24], indeed, after sample 
preparation (which involves the mixture of film solution with 
DPPH methanolic solution), a spectrophotometer (UV Visi-
ble, Model Shimadzu, UV-160A, Japan) was used to monitor 
the absorbance reduction at specific wavelength (517 nm).

Antibacterial activity of films

The antibacterial activity of PSG-based films was studied 
against E. coli as Gram-negative and S. aureus as Gram-
positive bacteria by disk diffusion. In short, the film samples 
were cut into 6 mm disks and putted on the plates inoculated 
with the bacterial cultures. Then, the plates were incubated 

at 37 °C for 24 h and the inoculum turbidity was adjusted to 
McFarland 0.5. Finally, the inhibition zones of disks towards 
the mentioned bacteria were determined [19].

Total phenolic content

Total phenolic content of PSG-based films was determined 
according to the method of Moghadam et al. [25] using the 
Folin-Ciocalteu. The film extract was obtained by plunging 
40 mg of PSG films in 8 mL distilled water and stirred at 
25 °C for 6 h. Then, 2 mL of Folin-Ciocalteu reagent was 
added to 0.5 mL of the film extract and allowed to stand in 
the dark for 20 min. After that, a UV–Vis spectrophotometer 
at the wavelength of 750 nm was used to record the absorb-
ance of the film solutions. Then, different concentrations 
of Gallic acid (0–100 μg/mL) was prepared and used as the 
standard to obtain the calibration curve. Total phenolic con-
tent was expressed in mg Gallic acid per g of PSG film.

Statistical analysis

In this research, a complete randomized optimization design 
with three replications was used for the statistical analysis of 
the samples. SPSS version 16.0, one-way ANOVA test and 
Duncan’s multiple range test were applied for determination 
of statistical differences among the means (p < 0.05).

Results and discussion

Chemical composition of Oliveria decumbens 
essential oil

The chemical composition of O. decumbens essential oil was 
analyzed by GC-MS. Results indicated that the main con-
stituents of essential oil are 8 different components. Based 
on GC-MSS analysis, it was found that the most important 
component of essential oil of O. decumbens is Thymol 
(41.24%). Furthermore, in the essential oil of O. decumbens 
other compounds such as carvacrol (11.76%), γ-terpinene 
(15.95%), ρ-cymene (5.49%), limonene (3.45%), myristicin 
(16.90%), β-pinene (2.84%) and β-myrcene (0.23%) were 
found. Other researchers have found similar compounds by 
analyzing O. decumbens essential oil. Behbahani et al. [10], 
found that the predominant compounds of O. decumbens 
essential oil include Thymol (28.45%), γ-terpinene (22.2%), 
ρ-cymene (17.90%), myristicin (13.55%), carvacrol (8.50%) 
and limonene (2.60%). The presence of Thymol, ρ-cymene, 
γ-terpinene, carvacrol, and myristicin in O. decumbens 
essential oil has also been reported by Nikravan et al. [26]. 
As it turned out, Thymol is the predominant compound in 
O. decumbens. Therefore, it can be said that the predomi-
nant compounds in Thymol essential oil are carnacrol and 
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γ-terpinene. Therefore, many bioactive properties (antimi-
crobial, free radical scavenging, anti-cancer and anti-inflam-
matory) of this essential oil are related to the presence of 
these compounds. This essential oil has been loaded into 
films based on nanofibers [27, 28]. However, the use of this 
essential oil in the structure of nanoliposomes and its appli-
cation in the structure of films and edible coatings has not 
been reported.

Characterization of nanoliposome

The physicochemical properties of nanoliposome were 
investigated. The average particle size and PDI values were 
167.8 ± 0.65 nm and 0.174 ± 0.07 while zeta potential was 
as high as − 64.4 ± 0.42 mV. Small particle sizes obtained 
in this study is suitable for incorporation of more essential 
oil content [29]. Reduced PDI value of nanoliposome sug-
gestions narrow and stable size distribution [30]. Moreover, 
as zeta potential is >  − 30 mV, high repelling force among 
particles as well as elevated liposome stability are expected 
[31], especially that more effective protection of encapsu-
lated cores happens at negative zeta potentials [15].

Film characterization

Thickness

The lowest thickness belonged to the control film (without 
liposome) as observed in Table 2. With the intensification 
of the nanoliposome in the film structure, the film thickness 
increased as well, which could be attributed to the amphip-
athic characteristics of nanoliposome and, indeed, its ability 
for incorporation with both glycerine and PSG solution [29] 
(Table 1).

Mechanical properties

Based on the results obtained in this study, it was found 
that the use of different levels of nanoliposomes loaded with 
O. decumbens essential oil in the structure of PSG films 
significantly (p < 0.05) affect their mechanical properties. 
Thus, the mechanical indices of TS and E of the films, as 
well as the comparison of the mean data based on Dun-
can's multi-range test are shown in Table 2. As nanolipo-
some concentration enhanced gradually, the TS parameter 
of the base film improved continuously from 20.42 ± 1.69 
to 37.30 ± 2.87 MPa, which may be ascribed to the interac-
tion between O. decumbens essential oil and PSG molecules. 
However, the E value of PSG film first descended and then 
ascended with the enhancement of O. decumbens essential 
oil concentration; the decrease could be attributed to the 
reduction of film fluidity caused by cross-linking formation 
between O. decumbens essential oil and PSG.

Mechanical indicators are used to evaluate the strength 
of food films and coatings used to hold food against physi-
cal and mechanical stress during transportation [20]. These 
characteristics are directly related to the microstructural 
and inhibitory properties of the films. The nanostructures 
used in the preparation of nanocomposites, due to their very 
small size, are well dispersed in the film matrix, which is 

Table 1  Composition of Oliveria decumbens essential oil

Sr. No Components Retention time 
(min)

Composition (%)

1 β-Pinene 11.505 2.84
2 β-Myrcene 33.375 0.23
3 ρ-Cymene 34.553 5.49
4 Limonene 34.947 3.45
5 γ-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

Table 2  Thicknesses, water 
vapor permeability, mechanical 
properties (tensile strength 
and elongation), contact angle, 
DPPH radical scavenging 
activity, total phenolic content 
and diameter of inhibition 
zone (E. coli and S. aureus) of 
the control film and psyllium 
seed gum films containing 
Oliveria decumbens essential oil 
nanoliposomes

*Statistical significances (p < 0.05) of parameters in each row are shown by different letters

Film properties Control film 1% liposome 2% liposome 3% liposome

Thickness (µm) 9.71 ± 0.09d* 13.52 ± 0.49c 18.69 ± 1.72b 24.04 ± 2.42a

WVP (g mm/kPa  hm2) 0.23 ± 0.11a 0.18 ± 0.07b 0.15 ± 0.05c 0.12 ± 0.03d

Mechanical
 TS (MPa) 20.42 ± 1.69d 26.84 ± 1.98c 31.57 ± 2.31b 37.30 ± 2.87a

 E (%) 61.41 ± 2.78a 57.72 ± 2.09b 52.33 ± 1.67c 43.80 ± 1.21d

 Contact angle 35.08 ± 3.38d 44.13 ± 3.65c 52.34 ± 3.95b 63.40 ± 4.72a

 DPPH radical scavenging activity (%) 3.27 ± 0.01d 42.98 ± 0.06c 51.91 ± 0.14b 73.89 ± 0.03a

 Total phenolic content 1.32 ± 0.03d 12.36 ± 1.02c 19.65 ± 3.12b 33.33 ± 4.43a

Diameter of inhibition zone (mm)
 E. coli 0.00 ± 0.00d 22.72 ± 0.27c 28.92 ± 0.43b 35.40 ± 0.21a

 S. aureus 0.00 ± 0.00d 31.83 ± 0.51d 39.30 ± 3.59d 45.84 ± 3.02d
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accompanied by the strengthening of their mechanical prop-
erties and their inhibition. When nanoparticles are well dis-
persed in the film matrix, various interactions such as hydro-
gen bonds and electrostatic bonds between the film matrix 
and nanoliposomes may occur between these compounds 
[19]. By creating an interaction between the film matrix 
and nanoliposomes containing O. decumbens essential oil, 
cross-links are formed between the hydrocolloid chains of 
the PSG, which strengthens the film matrix. Therefore, these 
crosslinkings increase the tensile strength of the films and 
reduce the elongation at break. Reduction of the elonga-
tion at break index of films may be due to the placement of 
nanoliposomes instead of water molecules in the film matrix 
and filling their pores, resulting in reduced molecular mobil-
ity in biopolymer chains [18].

Eko Wahyuningtiyas and Suryanto [32] evaluated the 
effect of different levels of nanoclay (2.5, 5, 7.5 and 10%) 
on the matrix of cassava starch-based nanocomposite films. 
Their results showed that increasing nanoparticles up to 5% 
nanoparticles strengthens the structure of films, but the for-
mation of nanoparticles at concentrations above 5% and the 
lack of effective bonds between the matrix of film compo-
nents weakens the tensile strength. They also stated that the 
trend of changes in the elongation at break index of films is 
different from the other two indicators.

Water vapor permeability

The use of hydrocolloid compounds such as gums as a base 
matrix for the preparation of films and coatings has vari-
ous aspects such as high WVP and poor mechanical prop-
erties with significant limitations. The high WVP of these 
films is due to the hydrophilic nature of their biopolymer 
chains, which challenges the durability of moisture-sensi-
tive products [33]. Table 2 presents the results related to the 
application of different levels of nanoliposomes containing 
O. decumbens essential oil in the structure of PSG-based 
films based on WVP. Based on the results, it was found that 
the WVP index decreased significantly from 0.23 ± 0.11 to 
0.12 ± 0.03 for the control film and the loaded film by 3% 
nanoliposomes (p < 0.05), respectively. Various factors affect 
the WVP index of the films. The hydrophobic/hydrophilic 
nature of the loaded compounds, the porosity, the complex-
ity of the path, and the uniformity of the films are impor-
tant factors that affect the WVP index. It is clear that by 
increasing the lipophilicity of the additives to the films and 
the uniformity of its matrix (reaction of nanoliposome com-
ponents with biopolymer chains of PSG), the resistance to 
penetration of water vapor molecules will increase and the 
WVP index will decrease. On the one hand, O. decumbens 
essential oil is hydrophobic in nature, and on the other hand, 
nanoliposomes are placed in the voids and pores of the film 
matrix due to their very small size, and this is accompanied 

by a decrease in WVP. In addition, by using nanoliposomes 
loaded with O. decumbens essential oil, the tortuous path of 
infiltration of water vapor molecules will increase, which 
will also reduce the WVP index. These results were consist-
ent with other researchers' findings on reducing WVP. Cui 
et al. [29], studying the effect of using liposomes in chitosan-
based film matrices. They observed that liposomes increase 
the microstructure uniformity of films, which is associated 
with a decrease in WVP in chitosan films. Alinaqi et al. [34] 
also reported that the hydrophobic nature of clove-loaded 
zein nanoparticles would prevent an increase in the WVP 
index in starch-based bionanocomposite films.

Contact angle (CA)

Contact angle of a water drop with the film surface is a 
common method for determining the hydrophilicity/surface 
hydrophobicity of films [35]. The effect of using the appli-
cation surfaces of nanoliposomes loaded with O. decum-
bens essential oil (0, 1, 2 and 3%) on the changes in the CA 
of water droplets with the surface of active films based on 
PSG is shown in Fig. 1. The results showed that the lowest 
contact angle was observed in the control sample and with 
increasing the percentage of nanoliposomes loaded with 
essential oil, the contact angle of the droplets with the film 
surface increased from 35.08 to 63.40 (Table 2). The nature 
of the compounds used in the structure of the films directly 
affects their hydrophobicity/hydrophilicity. Therefore, it is 
obvious that the use and increase of nanoliposomes loaded 
with O. decumbens essential oil in the film structure due 
to their hydrophobic nature increase the contact angle of 
water droplets with the film surface [36]. Similar results 
have been reported for changes in the contact angle of water 
droplets with the surface of kefir-carboxymethylcellulose 
biocomposite films loaded with safflower essential oil. It 
was stated that the contact angle of the films with water 
droplets increased significantly (p < 0.05) as a result of using 
essential oil (hydrophobic nature) and reaction of essential 
oil with biopolymer chains (reduction of –OH groups) [37].

DSC analysis

DSC curves of the control film and the films incorporated 
with nanoliposomes containing O. decumbens essential 
oil are given in Fig. 2. The slight slip at around 0 °C was 
observed in the thermograms of all film samples, relating 
to the melting of free water in the films. The endothermic 
peaks were observed between 95 and 120 °C for all PSG 
films which can be due to evaporation of water because of 
the hydrophilic nature of PSG [9]. Tg was obtained in pure 
PSG films around 70 °C and Tg of the films loaded with 
nanoliposomes containing O. decumbens essential oil was 
around 80 ◦C. The incorporation of nanoliposomes caused 
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Fig. 1  Contact angle of water droplets with the surface of active films based on psyllium seed gum

Fig. 2  DSC curves of psyllium seed gum and nanoliposome incorporated psyllium seed gum films
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an increase in Tg of PSG films, which can be due to the 
interaction between nanoliposomes and PSG molecules. 
This interaction could decrease movement of the polymer 
chains and leads to higher Tg values [38].

Scanning electron microscopy (SEM)

In order to investigate the morphological characteristics 
and also to confirm the placement of nanoliposomes in the 
structure of active films prepared on the basis of PSG, SEM 
images were used. Therefore, the effect of using nanoli-
posomes loaded with O. decumbens essential oil at lev-
els of 1, 2 and 3% on the surface and cross-section of the 
films compared to the control film is shown in Fig. 3. Using 
nanoliposomes loaded with O. decumbens essential oil in the 
structure of films up to 3% had significant effects on their 
morphological properties. The uniform and smooth surface 
of the control film made of pure PSG has no protrusions 
and surface roughness (Fig. 3a). The use of nanoliposomes 
loaded with O. decumbens essential oil in the structure of the 
films at levels 1% (Fig. 3b), 2% (Fig. 3c) and 3% (Fig. 3d) 
led to surface roughness in the structure of the films, which 
indicates nanoliposomes are in the film matrix. As the pic-
tures show, the use of nanoliposomes up to 2% maintained 
the uniform structure of the films, which is a good disper-
sion with significant advantages for the mechanical proper-
ties of the films. With uniform distribution of nanoparticles, 
the probability of reaction between nanoliposomes loaded 
with O. decumbens essential oil and hydrocolloid matrix 
of active films based on PSG increases through hydrogen 
bonding (see “Fourier-transform infrared (FTIR)” section). 
Numerous aggregations were observed in the film matrix as 
a result of the application of amounts higher than 2% (3%) 
of nanoliposomes loaded with O. decumbens essential oil, 
which disturbed their surface uniformity (Fig. 3d). These 
aggregations may be due to the adhesion of nanoliposomes 
in the film matrix, which weaken the mechanical proper-
ties of the films by creating lumps in the film matrix. By 
weakening the mechanical properties as a result of these 
aggregations, indicators such as the Young’s modulus and 
the tensile strength of the films are reduced (see “Mechani-
cal properties” section). Similar results have been reported 
by Farajpour et al. [39] for morphological and mechanical 
properties for nanocomposite films based on potato starch. 
They applied zein nanoparticles at different levels (1, 3, 5 
and 9 w / w) in the film structure. The results showed that the 
use of 3% of zein nanoparticles in the structure of the films 
led to a regular, uniform and uniform microstructure that 
these results could be seen with the proper distribution of 
zein nanoparticles in the structure of the films. In addition, 
the proper distribution of nanoparticles at the 3% level was 
accompanied by improved mechanical properties, including 
increased tensile strength of nanocomposite films.

FTIR measurements

The possibility of interaction between nanoliposomes con-
taining O. decumbens essential oil with the active film 
matrix based on PSG is investigated using FTIR analysis. 
The FTIR spectra of the control film and PSG films loaded 
with nanoliposomes containing O. decumbens essential oil 
are shown in Fig. 4. The FTIR spectra of pure PSG films 
(control film) showed peaks in the regions of 3384, 2934, 
1633, 1415, 1043, 927 and 857  cm−1, which correspond 
to the hydroxyl groups, C–H (CH,  CH2, and  CH3 respec-
tively), asymmetric stretching C–O–O, asymmetric stretch-
ing C–O–O, C–O, C–O–C glycosidic, and C–O–H (Fig. 4). 
By loading nanoliposomes loaded with O. decumbens 
essential oil at levels of 1 to 3%, changes in the position and 
intensity of the peaks related to the pure film of PSG were 
made, which are shown in Fig. 4. Therefore, as shown in 
Fig. 4, by adding 1, 2 and 3% nanoliposomes containing O. 
decumbens essential oil in the film structure, the peaks of 
the hydroxyl groups were shifted to lower wave numbers of 
3380, 3372 and 3367  cm−1, respectively. Also, the formation 
of new peaks in the wave number regions of 1008 to 1744 for 
active film samples containing nanoliposomes loaded with 
O. decumbens essential oil at levels of 1 to 3% is related to 
carbonyl groups and aromatic groups, which indicates the 
presence of essential oil in these structures. Studies have 
shown that changes in the position of peaks is related to 
the hydroxyl group (moving to lower wave numbers) and 
changes in their intensity indicate the strengthening of 
hydrogen bonds between the free hydroxyl groups of the 
film matrix with the components of nanoliposomes loaded 
with O. decumbens essential oil [40]. Also, the appearance 
of aromatic bonds in the FTIR spectrum of films loaded 
with nanoliposomes indicates the successful placement of 
nanoliposomes containing essential oil in the matrix of films 
based on PSG. All these results indicate good biocompatibil-
ity between the film matrix and the nanoliposomes loaded 
with O. decumbens essential oil. Alinaqi et al. [34] achieved 
similar results by designing a starch-based bio-nanocom-
posite film containing electrosprayed zein nanoparticles. 
They loaded the electrospray nanoparticles at levels of 5, 
10, and 15% in the structure of the nanocomposite films, 
which altered the FTIR spectrum of the films. Based on 
the results obtained by these researchers, it was found that 
with increasing the application of nanoparticles in the film 
matrix, the position of hydroxyl groups of starch films was 
transferred to lower wave numbers and also peaks related to 
aromatic groups of clove essential oil in FTIR spectrum of 
nanocomposite films compared to control film sample were 
appeared. They stated that proper biocompatibility between 
nanoparticles and film matrices leads to acceptable disper-
sion of nanoparticles in film matrices, which is accompanied 
by improved mechanical properties and film inhibition.



4326 F. Chavoshi et al.

1 3

Fig. 3  SEM images of surface 
(a, b, c and d) and cross-section 
(a′, b′, c′ and d′) of the control 
film and films containing 
1%, 2% and 3% of Oliveria 
decumbens essential oil nanoli-
posomes, respectively
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Total phenolic content and antioxidant potential

Table 2 shows that the addition of nanoliposomes increased 
the total phenolic content of PSG films because O. decum-
bens essential oil is a rich source of phenolic compounds 
such as Thymol, carvacrol, terpinene, and ρ-cymene [41]. 
The results show that total phenolic content of the control 
film has been successfully increased twenty-five times by 
the insertion of 3% nanoliposomes containing O. decum-
bens essential oil. Samadi et al. [42] and Jamali et al. [41] 
reported that different phenolic compounds present in O. 
decumbens essential oil display antioxidant characteristics; 
consequently, total phenolic content is a very substantial 
criterion since its higher value is indicator of a film with 
elevated antioxidant activity.

As shown in Table 2, the control film and PSG films 
incorporated with 1% of nanoliposomes containing O. 
decumbens essential oil presented a lower antioxidant 
activity compared to those enriched with 2% and 3% of 
nanoliposomes; in this regard, the films containing 3% of 
nanoliposomes indicated the highest antioxidant activity. 
Therefore, this can be realized that the high antioxidant 
activity obtained for the films is related to essential oil 
as O. decumbens essential oil is a phenolic monoterpene 
with the capability to decelerate or postpone the oxidation 
of an oxidizable material [42]. The antioxidant activity 
of O. decumbens essential oil is relevant to its phenolic 
compounds such as Thymol, carvacrol, terpinene, and 
ρ-cymene [41]. In the similar way, Samadi et al. [42] stated 
that O. decumbens essential oil has the high percentage of 

inhibition potential towards DPPH free radical attributed 
to the available phenolic compounds in it [42].

Antibacterial properties

The inhibition zones were studied to investigate the antibac-
terial effects of PSG films against the bacteria strains includ-
ing E. coli (Gram-negative) and S. aureus (Gram-positive). 
The presented results in Table 2 showed that the control 
film did not show any antimicrobial effect on the bacteria 
strains. However, the addition of nanoliposomes containing 
O. decumbens essential oil at the levels of 1%, 2% and 3% 
resulted in bigger inhibition zones against E. coli and S. 
aureus as the most significant inhibition was obtained for 
PSG film enriched with 3% of the nanoliposome. Similarly, 
Mushtaq et al. [43] expressed that the control film didn’t 
result in any significant inhibitory effect on bacteria popu-
lation while the antibacterial effect of the zein film against 
different pathogenic strains was enhanced by the enrichment 
of pomegranate peel extract. The antimicrobial effect of O. 
decumbens essential oil was related to the existence of poly-
phenols, which act as antimicrobial compounds through var-
ious phenomena such as membrane perforation, the decrease 
of membrane fluidity, protein/cell wall binding, as well as 
microbial enzyme inhibition [19].

Release of Oliveria decumbens essential oil

Figure  5 shows that the release profiles of O. decum-
bens essential oil from the films containing different 

Fig. 4  FTIR analysis of psyllium seed gum film and films containing 1%, 2% and 3% of Oliveria decumbens essential oil nanoliposomes
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concentrations of nanoliposomes follow a typical exponen-
tial pattern. In agreement with our results, Hajirostamloo 
and Molaveisi [19], stated that the release profiles of Echina-
cea purpurea (L.) extract from Alyssum homolocarpum seed 
gum films followed an exponential pattern. As observed in 
Fig. 5, the increase of O. decumbens essential oil concentra-
tion significantly effects the release profile of the essential 
oil from PSG films. It can be concluded that the film con-
taining 3% nanoliposomes owns more non-uniform structure 
than other films, due to the formation of the stronger inter-
molecular interactions, verified by FTIR and DSC analysis 
before. PSG films form networks that can be dissolved and 
eroded by means of hydrolysable cross-links, which gener-
ally involve hydrophilic groups and are permeable by release 
media [23]. This mass transfer behavior is possibly because 
of the hydrophobic nature of PSG, resulting in penetration 
of water into the intensely porous composition of PSG-based 
films containing nanoliposomes loaded with O. decumbens 
essential oil [44].

Conclusion

In this study, an active film based on PSG enriched with 
different concentrations of nanoliposomes loaded with O. 
decumbens essential oil were prepared to obtain edible films 
with satisfactory physical, mechanical, and chemical prop-
erties as this enrichment decreased WVP while enhancing 
mechanical, antioxidant and antibacterial properties. Our 
study provided valuable information on the interactions 
between PSG and nanoliposomes loaded with O. decum-
bens essential oil according to FTIR results. Finally, we 
can conclude that PSG-based films have a good potential 
for application as functional edible film for packaging due 

to very good WVP and probable antioxidative properties 
of nanoliposomes loaded PSG films. Moreover, they can 
provide benefiting from health promoting properties of 
O. decumbens essential oil bio-components through their 
encapsulation in nanoliposomes and protection of them from 
degradation during release in the target medium.
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