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In this study, lemon, and sour cherry seed essential oil-added glycerol and/or sorbitol-plasticized corn, potato, rice, tapioca, and
wheat starch-based edible films were produced using the casting method. Starch, essential oil type and glycerol and/or sorbitol
effects on the thickness, moisture content, water solubility, swelling index, and water vapor transmission rate of the films have
been studied. The interaction of the film components was evaluated by Fourier transform infrared spectroscopy. It was seen
that wheat starch-based control films give the lowest thickness value (0.010 mm). Wheat starch-based control films (15.50%),
sour cherry seed essential oil-added corn starch (17.80%), and lemon essential oil-added rice starch-based composite films
(17.70%) have high moisture content. The lowest solubility values were obtained from wheat starch control (22%) and sour
cherry seed essential oil-added corn starch composite (16.40%) films. The highest swelling index values were obtained from
wheat starch-based control (210.90-289.0%), sour cherry seed essential oil-added tapioca starch (388.80%), and lemon essential
oil-added potato starch-based (433.20%) composite films. Rice starch-based control films have the lowest water vapor
transmission rate (3.30x107®-5.70x 107%). FTIR spectra of edible composite films proved that there is no chemical
interaction between the film component and that they kept their structure. The main difference of this study from previous
studies was the use of sour cherry seed essential oil for the first time in edible film production and the comparison of the film
properties of corn, potato, rice, tapioca, and wheat starch-based edible films plasticized with glycerol or sorbitol.

1. Introduction

Packaging is especially important in the food industry since
it will protect the quality and freshness of the food from the
packaging to the consumption and provide to store them [1,
2]. Petroleum-based plastic materials are widely used in food
packaging, but they are not degradable and environmentally
friendly. So, investigation of alternative biodegradable poly-
mers has been inevitable. Materials used for coating different
foods to increase shelf life, which are eaten together with the
product, are considered as an edible film. Biodegradable
edible films decrease moisture loss, oxygen, and other gas
immigration increasing the food shelf life. Several biopoly-
mers, such as starch, protein isolates, pectin, and lipids, are

commonly used to prepare edible packaging films. Especially
starch has been widely investigated due to its property of
forming a continuous matrix, being renewable and available
in nature [3-5]. The characteristics of the films formed with
starches from various plants are different because of the dis-
tinction in particle size, shape, amylopectin/amylose ratio,
crystallinity, etc. Global production of starch supply is 75%
from corn, 14% from cassava, 7% from wheat, and 4% from
potatoes. Corn starch, with high biodegradability, is a mostly
used starch polymer for edible film production [6-9].
Native starch edible films have some disadvantages like
brittleness and hydrophilic nature. To avoid these draw-
backs, plasticizers, emulsifiers, antioxidants, and antimicro-
bial compound (essential oils) are added to the starch-based
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edible films, because they increase the barrier and mechan-
ical properties by reducing intermolecular forces, and the
mobility of biopolymer chains. Glycerol, sorbitol, propylene
glycol, and other polyols are the most used plasticizers [2,
10-13]. Essential oils such as lemon, orange, lime, cinna-
mon, eucalyptus, and anise are added to the films to ensure
antioxidative, antimicrobial, and insecticidal properties and
develop barrier properties of the films, due to their hydro-
philic nature [14, 15]. Although starch has good film-
forming properties, the mechanical properties of the edible
films produced are poor. Plasticizers, cross-linking agents,
and antibacterial and antioxidant agents can be added to
the film-forming solution to improve the film properties
of starch-based edible films. Sodium alginate is frequently
used in edible film production due to its properties such
as thickening, stabilization, suspension formation, film for-
mation, gelatinization, emulsion stabilization, nonflamma-
bility, biodegradability, and biocompatibility [16, 17].

The aim of this study was to compare the film properties
of corn, potato, rice, tapioca, and wheat starch-based edible
films. Effects of starches, essential oil types and glycerol
and/or sorbitol on the thickness, moisture content, water
solubility, swelling index, and water vapor transmission rate
of the edible films were investigated. The most important
difference of this study from previous studies was the use
of sour cherry seed essential oil for the first time in edible
film production. The outcomes of this work will enable to
determine the appropriate type of starch, essential oil, and
plasticizer to produce long shelf-life edible food packaging
films.

2. Materials and Methods

2.1. Materials. The natural corn, potato, rice, tapioca, wheat
starches, lemon essential oil (LEO), and sour cherry seed
essential oil (SCSEO) used in this study were purchased
from Arifoglu, Istanbul, Turkey. Glycerol was bought from
Merck (Darmstadt, Germany), D-sorbitol was bought from
Carlo Erba (France), and sodium alginate was bought from
AFG Bioscience (USA). All chemicals and solvents used in
this study were of analytical grade. The natural starches were
dried in an oven at 60°C for 24h to remove any moisture;
then, the dried starches were milled, and the resulting peel
powder was stored in low-density polyethylene bags at room
temperature.

2.2. Edible Film Preparation. The solution casting method
used in past work was used to produce starch-based edible
films, with some changes [7, 18]. Starch-based control film
solutions were prepared by dissolving starch (3 g), sodium
alginate (0.5g), and different ratios of glycerol and/or sorbi-
tol (indicated in Table 1) in 100ml distilled water. Starch-
based composite film solutions were also prepared following
the same procedure, with the addition of LEO (0.5g) or
SCSEO (0.5g). To obtain a homogeneous solution, they were
first mixed (500 rpm, 60 min., 60°C) in Four E’s Scientific
MI0102003 Hot Plate Magnetic Agitator Stirrer (Four E’s
Scientific, Guangzhou, China). Then, they were stirred for
10 min. with Bandelin Sonopuls HD 2070 (20kHz) model
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TasLE 1: Film compositions.

Film Starch Sosiium Water Glycerol Sorbitol LEO/

o, (9) alginate (ml) (2) (2) SCSEO
(g) (®

1 3 0.5 100 1 0 0.5

2 3 0.5 100 0 1 0.5

3 3 0.5 100 0.5 0.5 0.5

4 3 0.5 100 0.35 0.65 0.5

5 3 0.5 100 0.65 0.35 0.5

ultrasonic homogenizer (Bandelin electronic GmbH & Co.
KG, Berlin, Germany). Finally, they were put in an Isolab
ultrasonic water bath (Isolab Laborgerate GmbH, Eschau,
Germany) for 10 min. at 50°C, till they were fully solubilized.
The film solutions were poured in 10cm diameter Petri
dishes and dried at 40°C in an oven for 24 h. Dry films were
stored in a constant temperature and humidity desiccator set
at 50% RH and room temperature (22 + 0.5°C) until ana-
lyzed, after cooling [19]. To achieve different RH levels,
water (RH =100%) and silica gel (RH = 0%) were utilized.

2.3. Characterization of Films

2.3.1. Film Thickness. The thickness values of the films (with
0.0l mm. sensitivity) were measured from five different
points using a digital micrometer, and the mean value was
recorded [20, 21].

2.3.2. Moisture Content. Edible film moisture content was
calculated according to the ASTM D4442-20 standard
method [22]. 3 X 3cm cutout edible films were dried at 105
+2°C for 24h. M, and M, values of edible films, before
and after drying, respectively, were measured until constant
weight was achieved. Experiments were realized three times
[23, 24].

My-M
Moisture (%) = (OMil) x 100. (1)

M, is the initial weight, and M, is the dry weight of
the films.

2.3.3. Water Solubility. Water solubility was determined by
the method of Dash et al. [25] and Go and Song [26] with
some modifications. Edible films were cut to 2 X 2 cm, dried
at 105+ 2°C for 24h, weighed, and stirred at 100rpm at
room temperature (22+0.5°C) for 6h at 10ml distilled
water. The remaining part of the films was filtered and dried
in an oven at 105 + 2°C until a constant weight was obtained.
Experiments were realized three times. Calculations were
made using

wW1l-Ww2
Water solubility (%) = — X 100. (2)

W, is the dry weight, and W, is the dry weight of the
insoluble fraction of the film.
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2.3.4. Swelling Index. The swelling index of the edible films
was defined by the method of Susmitha et al. [9]. Edible
films were cut into small pieces (2x2 c¢m), dried at 105 +
2°C for 24h, and weighed (W,). They were immersed in
15ml distilled water for 1 minute at room temperature
(22 +0.5°C). The swelled samples were wiped with filter
paper and weighed (W,). Experiments were realized three
times. The adsorbed water amount was calculated using

W, - W

Swelling index (%) = % %100, (3)

0

where the swelling index (%) was the percentage of the
swelling index and W, and W, were the weights of dried
and wet samples.

2.3.5. Water Vapor Transmission Rate (WVTR). WVTR of
the film samples was determined by the method of Shafie
et al. [27], and ASTM E96/E96-22a [28], with some changes.
The glass test tubes were filled with 5 g of silica gel, and their
mouth was closed with dried film, surrounded with paraffin,
and weighed every 24 h for 5 days. All the experiments were
carried out in triplicate. The WVTR was calculated accord-
ing to

AW
At X A

WVTR = , (4)

AW/At is the amount of water transferred (g) per unit
time (s), and A is the exposed area (m?).

2.3.6. Fourier Transform Infrared Spectroscopy (FT-IR). The
chemical structure analysis of products was done using an
FT-IR spectrometer equipped with a universal attenuation
total reflectance sampling accessory with a spectral range
between 4000 and 400cm™' with a resolution of 4cm™
and with 16 scans per spectrum. The films were cut to 10
x 10 mm and placed onto the ATR platform.

2.3.7. Statistical Analysis. Statistical analysis by the analysis
of variance (ANOVA) was done by SPSS®16. All tests were
carried out in three independent runs, and the obtained
parameters were averaged and expressed as the mean stan-
dard error (+) where each value is considered as significant
at p <0.05.

3. Results and Discussion
3.1. Characterization of Films

3.1.1. Thickness. The thickness is one of the most impor-
tant factors of the films affecting the mechanical and bar-
rier properties and plays an important role in the film
quality. It is preferred that the film thickness is less than
0.3mm so that the packaged food can be eaten together
with the edible film and effective food protection can be
provided. Lower edible film thickness also increases the
solubility in the mouth and the digestibility [29, 30]. The
difference in the thickness of edible films is due to the
amylose content of the starch type. The amylose content

of wheat starch is 20.90%, corn starch is 25%, tapioca
starch is 27%, potato starch is 26.90% and rice starch is
28.58%. It was observed that the thickness of the edible
films increased with increasing amylose content. The high
amylose content will increase the interaction between amy-
lose molecules to compose stronger hydrogen bonds. So,
the thickness of the film matrix increases [2, 31]. The
changes in the thickness of the films may be due to the
interaction and physical bonding between the film and
the essential oil droplets which acted as a film filler [32,
33]. Moreover, the different chemical constituents of LEO
and SCSEO may increase the distances between the parti-
cles in the matrix, thereby resulting in relatively thicker
films [34, 35]. The corn, tapioca, and wheat starch edible
film thicknesses were increased, and the potato and rice
starch thicknesses were decreased after SCSEO and LEO
addition to the film-forming solution. The decrease in film
thickness of potato and rice starch-based edible films may
be due to the inability of LEO and SCSEO to disperse in
the film matrix of potato and rice starch. In this study,
all the produced film thicknesses were less than 0.3 mm.
The thickness values of the edible control and composite
films are given in Tables 2-4. The lowest thickness
(0.010 mm) value was observed in WS-1. Numerous studies
have shown that essential oil incorporation can increase
the film thickness [36-38].

3.1.2. Moisture Content. Moisture content value represents
the total void volume occupied by water molecules in the
microstructure network of the edible film and displays
the possible effect of hydrocolloid interaction on the affin-
ity of films to water [25, 30]. The moisture content of the
WS-3 (wheat control film plasticized with glycerol and sor-
bitol) was the highest (15.50%). The addition of essential
oils (SCSEO and LEO) to the films decreases moisture con-
tent, due to their hydrophobic nature. WS-SCSEO-3 mois-
ture content decreases to 8.50%, and WS-LEO-3 moisture
content decreases to 10.0% [33]. Edible films plasticized
with glycerol have higher hydrophilicity than films plasti-
cized with sorbitol due to the higher moisture content of
glycerol.

Glycerol is a hydrophilic plasticizer, and when added to
the starch, it shows high water-retaining capability. Also,
the addition of glycerol decreases the interactions among
starch macromolecules, simplifying the adsorption of water
from the surroundings [38].

The moisture values of the edible control and composite
films are given in Tables 2-4. Films with high moisture con-
tent are more flexible and can be used in different areas of
food [9]. CS-SCSEO-1 (17.80%) and RS-LEO-5 (17.70%)
were high moisture content edible composite films [39].
Similar results were obtained by Yang et al. [40] who studied
the properties of corn starch films incorporated with
Zanthoxylum bungeanum essential oil.

3.1.3. Water Solubility. The water solubility is a critical edi-
ble film property for the food preservation especially in
humid environments, and antioxidants and plasticizer
molecules are highly effective in water solubility [29, 32].



TaBLE 2: Physical properties of starch-based control films.

International Journal of Polymer Science

Solubility (%)

Swelling (%)

WVTR (g * cm?/s)

4

Starch film Thickness (mm) Moisture (%)
CS-1 0.016 + 0.051° 9.60 £ 3.16*

CS-2 0.070 +0.025° 7.60 + 1.20°

CS-3 0.080 +0.033° 10.10 +1.38°
CS-4 0.060 + 0.046° 8.90 +2.16*

CS-5 0.100 + 0.002° 9.50 +2.15°

PS-1 0.240 + 0.058° 10.70 +2.92°
PS-2 0.200 +0.017° 7.50 £ 1.65°

PS-3 0.075 +0.015° 9.30 +2.93°

PS-4 0.240 + 0.068° 6.90 +2.31°

PS-5 0.160 +0.019° 7.40 + 1.24°

RS-1 0.120 + 0.034° 12.70 + 2.58°
RS-2 0.140 + 0.041% 230+ 1.04°

RS-3 0.110 + 0.028° 12.60 +2.36°
RS-4 0.120 + 0.032° 7.10 +1.38°

RS-5 0.150 + 0.065° 7.30 + 1.46

TS-1 0.060 + 0.056° 3.40 +2.55°

TS-2 0.160 + 0.009° 7.40 + 1.64°

TS-3 0.020 + 0.045° 11.60 + 3.89°
TS-4 0.060 + 0.071° 7.60 £ 1.37°

TS-5 0.035 + 0.082° 6.90 + 3.86"

WS-1 0.010 + 0.003° 11.10 +2.53°
WS-2 0.100 % 0.066° 3.30 £2.75°

WS-3 0.040 + 0.059° 15.50 + 0.38°
WS-4 0.080 + 0.012° 7.80 £0.29°

WS-5 0.010 + 0.095° 12.70 + 2.65°

92.20 + 3.05° 54.20 +3.19° 10.40 x 1078 + 1.53°
92.60 + 3.18° 57.80 + 1.23° 10.60 x 1078 + 1.76°
88.60 + 2.56 230.70 + 3.75°% 7.00 x 1078 +0.69°
99.70 +3.27° 76.10 + 1.88° 10.40 x 1078 + 1.15°
82.10 + 2.68° 12.20+0.11° 11.10x 1078 +1.55°
61.30 +£2.16 158.70 +2.64% 10.60 x 1078 +0.75°
78.60 +2.35° 132.70 +2.38% 8.90 x 1078 +0.11°
97.20 + 3.76 276.30 + 3.24 8.60 x 1078 +0.89°
63.20 +2.13° 164.50 + 2.76° 8.70x 1078 +1.98°
89.90 +2.78* 172.80 + 2.59" 7.00 x 1078 + 1.04
81.60 +2.08" 145.20 + 2.28* 5.70 x 1078 +0.97°
82.40 +2.15° 132.90 +2.13° 520x 1078 +1.31°
73.10 + 1.28* 121.90 + 1.65° 3.60 x 1078 +0.47°
77.90 + 1.46° 85.50 + 3.26° 3.30x 1078 +0.04°
88.00 + 1.78° 169.60 + 1.96° 4.10 x 1078 +0.08°
56.30 +2.73* 218.70 +2.37° 5.70 x 1078 +0.09*
45.10 +1.23° 176.70 + 3.04° 7.50 x 1078 +0.54°
78.80 + 1.36° 149.00 +2.97° 9.40x 1078 +1.23%
65.60 + 2.68° 245.40 + 3.33° 10.30 x 1078 + 0.49°
88.80 = 2.09° 211.50 + 2.85° 8.20x 1078 +1.05°
26.20 + 1.55° 210.90 + 2.14° 6.10 x 1078 +0.35°
2230+ 1.19° 269.20 +2.96° 6.60 x 1078 £0.21°
40.30 + 3.57° 247.10 + 1.78° 7.50 x 1078 + 0.64°
53.40 + 3.45° 289.00 + 3.07° 5.90x 1078 +0.15°
33.70 +3.18° 271.10 +2.52° 3.80x 1078 +0.07°

Values are the mean of three replicates + SD. Different letters in the same column indicate significant differences among film samples (p < 0.05).

TaBLE 3: Physical properties of starch-based composite films with SCSEO.

Starch film Thickness (mm) Moisture (%) Solubility (%) Swelling (%) WVTR (g * cm?/s)
CS-SCSEO-1 0.023 + 0.048" 17.80 +2.76 83.80 +2.35° 109.70 + 1.14° 0.06 x 1078 +0.56°
CS-SCSEO-4 0.070 + 0.025° 14.80 +1.92° 52.30 £1.16° 117.50 + 1.65° 0.07 x 1078 +0.25°
PS-SCSEO-1 0.026 + 0.069° 5.30 +2.35° 30.30 + 1.04° 159.00 + 2.63° 12.20 x 1078 + 1.76°
PS-SCSEO-5 0.060 + 0.056° 14.30 £ 1.76° 50.00 + 1.48° 213.50 £ 2.07° 13.30 x 1078 + 1.55°
RS-SCSEO-1 0.120 +0.032° 5.90 + 1.33" 52.90 +2.89° 92.50 +1.26° 11.60 x 1078 +1.53°
RS-SCSEO-5 0.100 + 0.027° 2.80 + 1.06° 64.60 + 2.68° 86.90 + 3.25° 9.80x 1078 +0.11°
TS-SCSEO-1 0.080 + 0.012 13.90 + 2.38° 50.30 +3.13° 388.80 + 3.07° 10.50 x 1078 +0.75°
TS-SCSEO-5 0.095 + 0.083° 3.70+1.21° 41.20 £1.79° 215.50 + 2.34% 7.10x 1078 +1.04°
WS-SCSEO-1 0.014 + 0.041° 6.40 + 1.64° 85.90 +2.12° 329.00 + 1.88° 9.90 x 1078 +1.23°
WS-SCSEO-3 0.090 + 0.074 8.50 +1.15° 51.60 +3.27° 248.90 +1.78° 16.80 x 1078 + 0.51°

Values are the mean of three replicates + SD. Different letters in the same column indicate significant differences among film samples (p < 0.05).

The solubility of SCSEO- and LEO-added corn, potatoes,
rice, and tapioca starch edible films decreased compared
to the starch control films. Only wheat starch composite
film solubility increased. Essential oils combined with the
starch hydroxyl group decreased the solubility of the com-

posite films. The interaction between the essential oil com-
ponents and the hydroxyl groups of the film decreased the
water solubility of the film; therefore, a more water-
resistant film was obtained. Marzlan et al. [41] studied
starch-based edible film for chicken meat packaging and
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TaBLE 4: Physical properties of starch-based composite films with LEO.

Solubility (%)

Swelling (%)

WVTR (g * cm?/s)

Starch film Thickness (mm) Moisture (%)
CS-LEO-1 0.120 +0.033 16.40 + 2.56°
CS-LEO-4 0.080 +0.014 7.90 +0.39*
PS-LEO-1 0.075 +0.025° 9.30 +2.95°
PS-LEO-5 0.070 + 0.036° 11.60 + 3.68"
RS-LEO-1 0.065 + 0.058° 11.20 +2.53°
RS-LEO-5 0.064 + 0.067° 17.70 +2.76®
TS-LEO-1 0.170 + 0.009* 13.50 +2.18°
TS-LEO-5 0.100 +0.027° 8.70 +2.16°
WS-LEO-1 0.070 +0.038° 10.70 +2.92°
WS-LEO-3 0.130 +0.041° 10.00 + 1.38°

16.40 +014° 371.20 + 3.84° 20.10x 1078 +2.36°
19.50 +1.19° 424.40 +2.85° 11.30 x 1078 + 1.47°
56.70 +2.73° 307.90 +1.76° 14.90 x 1078 +2.56°
66.20 +2.13° 433.20 + 3.47° 26.00 x 1078 +2.68°
39.20 +3.09° 250.50 + 3.23° 6.70 x 1078 +0.21°
35.20 +3.18° 218.80 + 2.38" 7.80 x 1078 +0.69°
48.40 + 3.57° 265.70 +2.95° 15.40 x 1078 + 1.65"
31.00 +1.14° 236.30 + 3.75° 9.20 x 1078 +1.58°
77.40 +2.35° 336.40 + 1.98° 13.40x 1078 + 1.77°
51.60 + 3.29° 266.20 + 2.92° 17.90 x 1078 +2.18"

Values are the mean of three replicates + SD. Different letters in the same column indicate significant differences among film samples (p < 0.05).

obtained similar results. The lowest solubility values were
obtained from wheat starch control (22%) and SCSEO-
added corn starch composite (16.40%) films. The water solu-
bility values of the edible control and composite films are
given in Tables 2-4.

3.1.4. Swelling Index. The physical and barrier properties and
water resistance of the edible film are influenced by the
swelling index. A very important feature of the films is that
the food product coated with these materials meets water.
The water resistance of edible starch films, measured in
terms of swelling capacity, depends on the character and
chemical composition of the starch used in their production
[42]. The swelling index characterizes the water resistance of
packaging materials from hydrophilic polymers and demon-
strates the conservation of quality during packaging and
storage of food products. The swelling index of starch films
is a very important property of films, when food products
coated with these materials are in contact with water. The
swelling index values of corn, potatoes, rice, tapioca, and
wheat starch-based control and composite films are given
in Tables 2-4. The lowest swelling index values were found
for corn starch-based edible films (12.20-230.70%), and
higher values were found for wheat starch-based edible films
(210.90-289.0%). The swelling index of SCSEO- and LEO-
added corn, potatoes, rice, and tapioca starch edible films
was increased compared to the starch control films. Only
SCSEO-added rice starch composite film solubility was
decreased. These results were consistent with the studies of
Girgin et al. [39]. The highest swelling index values for
SCSEO-added films were obtained from TS-SCSEO-1
(388.80%) and for LEO-added films were obtained from
PS-LEO-5 (433.20%). The lowest swelling index values for
SCSEO-added films were obtained from TS-SCSEO-1
(388.80%) and for LEO-added films were obtained from
PS-LEO-5 (433.20%).

3.1.5. Water Vapor Transmission Rate (WVTR). WVTR
plays an important role in food coating. Starch films help
diminish moisture transfer among food and the surrounding
atmosphere or between two components of heterogeneous

food products. The lower the WVTR, the better the packag-
ing film [43, 44]. The WVTR of corn, potatoes, rice, tapioca,
and wheat starch-based control and composite films are
given in Tables 2-4. Among wheat, corn, tapioca, potato,
and rice starches, rice starch has the highest amylose con-
tent (28.58%) and the lowest WVTR. High amylose content
could influence the WVTR of the film. Rice starch-based
edible films showed lower WVP indicating that the films
exhibited high water resistance [1]. The WVTR of
SCSEO-added potatoes, rice, tapioca, and wheat starch-
based composite films (6x 1078 -16.80 x 1078 g * cm?/s)
and LEO-added corn, potatoes, rice, tapioca, and wheat
starch-based composite films (6.70 x 107 — 26.00 x 1078 g *
cm?/s) were higher than the control films. Only WVTR
of SCSEO-added corn starch-based composite films was
lower than the control films (6 x 107% —7 x 1078 g * cm?/s).
The increase in WVTR of the films may be due to the nega-
tive impact of SCSEO and LEO on the microstructure of
films. These results are consistent with the studies of Wigati
et al. [45]

3.1.6. Fourier Transform Infrared Spectroscopy (FT-IR).
Figure 1 shows FTIR spectra of corn, potatoes, rice, tapioca,
and wheat starch-based control and composite films plasti-
cized with 1% glycerol. When the FTIR spectrums were
examined, it was seen that all spectrums had remarkable
peaks at around 3265 cm™* (O-H groups of starches, SCSEO,
and LEO), 2927 cm™ (stretching vibration of C-H of alkyl
groups, SCSEO, and LEO), 1740 cm™ (C=0 absorption for
the LEO major compound citral), 1605cm™ (H-O-H bend-
ing vibration from water), 1409 cm™ (C-O-H bending vibra-
tion), and 997cm™ (C-OH and C-O-C bonds and C-C
skeleton stretching vibrations). Since glycerol contains more
hydroxyl groups than starch, the hydroxyl groups are more
in starch-based films plasticized with glycerol. Moreover,
this band of starch films, the broadband at around
3265cm ™', corresponded to the stretching of hydroxyl
groups [7] and moved to a lower wavenumber than that of
the corresponding starches. This showed that hydrogen
bonds were formed between starch and glycerol [46, 47].
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FIGURE 1: FTIR spectra of corn, potatoes, rice, tapioca, wheat starch control films, and glycerol-added composite films.

The FTIR spectra of edible composite films showed that no

new peaks were formed, proving that there is no chemical

interaction between the edible film component and that they

kept their structure.

4. Conclusion

This study investigated and compared the film properties of

corn, potato, rice, tapioca, wheat starch-based edible film-
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added SCSEO or LEO, and plasticized with glycerol, and/or
sorbitol produced using the casting method. When the FTIR
spectrum was examined, it was seen that no new peaks were
formed, indicating that there was no chemical interaction
between the edible film components and that the starches,
essential oils, and plasticizers were successfully combined.
It was seen that wheat starch-based (having the lowest amy-
lose content (20.90%)) control and composite films have the
lowest thickness (0.010 mm) value. Wheat starch-based con-
trol film (15.50%), SCSEO-added corn starch (17.80%), and
LEO-added rice starch-based (17.70%) composite films have
high moisture content. Edible films plasticized with glycerol
have higher hydrophilicity than films plasticized with sorbi-
tol due to the higher moisture content of glycerol. The inter-
action between the essential oil components and the
hydroxyl groups of the film decreased the water solubility
of the film; therefore, a more water-resistant film was
obtained. The lowest solubility values were obtained from
wheat starch-based control (22%) and SCSEO-added corn
starch-based composite (16.40%) films. The highest swelling
index values were obtained from wheat starch-based control
film (289.0%), SCSEO-added tapioca starch-based composite
films (388.80%), and LEO-added potato starch-based com-
posite films. Rice starch has the highest amylose content
(28.58%), and rice starch-based edible control films have
the lowest water vapor transmission rate value among the five
types of edible film. As a result of this study, it was concluded
that

(i) Starch, essential oil, and plasticizer type influence
edible film properties

(ii) The film-forming properties of corn, rice, and wheat
starch are better than potato and tapioca starch

(iii) SCSEO can be successfully used in edible film
production
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