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ABSTRACT

In recent years, increasing the shelf life and preventing the spoilage of highly perishable food products such
as fish has become a significant challenge for scientists and professionals in the health industry. These
products not only pose health risks to the general public due to the transmission of pathogens to consumers
and the creation of health hazards, but they also have economic importance. Materials and Methods: This
research aimed to prepare probiotic films from sodium caseinate-gelatin containing Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum, and to evaluate their application in the microbial and
mechanical properties of salmon fillets during 12 days of refrigerated storage. The physical and mechanical
properties of the designed films were assessed. Additionally, the salmon fillets were examined for microbial
parameters. Results: Based on the findings, a negative correlation was observed between the survival of
probiotic bacteria and the storage time of the films. The number of Lactobacillus paracasei, Bifidobacterium
bifidum, and Lactobacillus plantarum bacteria started from day 0 with values of (2.9, 3.9, and 1.9 log cells)
respectively, and reached (6.79, 5.84, and 6.14 log cells) by the end of the study (day 12). In other results, it
was observed that sodium caseinate-gelatin probiotic films delayed microbial growth in salmon fillets
compared to the control group. Conclusion: Overall, sodium caseinate-gelatin probiotic films significantly
increased the shelf life of salmon fillets and can be considered as innovative packaging materials with
potential applications in various industries, especially the food industry.
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Introduction

The food industry uses various methods to control spoilage and disease-causing microorganisms.
One of these methods is the use of food packaging materials such as edible films [1]. Research
has shown that these films may have a positive impact on extending shelf [2], overall quality,
and even the safety of fish. Edible films play a role in preventing the passage of gases, moisture,
and oxidation [3]. Nowadays, the use of films and edible coatings as an innovative idea in the
packaging of highly perishable products like fish has gained popularity. Edible films are
typically made from biodegradable components, including proteins, lipids, or polysaccharides.
Due to direct contact with food products, these films can serve as suitable carriers for
antimicrobial compounds, antioxidants, and other functional ingredients [3-4]. As a result, these
compounds help to extend the shelf life of the product.In recent years, research has focused on
the integration of probiotics into films or edible coatings, and research in this area continues. The
polymer structures used in the food packaging industry can act as carriers for probiotics, which
could be an alternative method for controlling pathogenic microorganisms and spoilage factors.
This may enhance food stability and safety and initially add value to consumer health [5].
Probiotics play a vital role in the functioning of the immune system, gut health, and metabolic
processes [6] and influence brain changes and gut responses [7]. They are directly related to the
overall health of the host and interact with the complex internal and external worlds of humans
and animals. For example, the human gut hosts about 1500 species of bacteria, of which about
500 have either probiotic or navigational characteristics[8]. Any change in the diversity of the
gut microbiota can lead to the development of certain diseases and functional disorders. The use
of probiotic supplements is a possible, cost-effective, and convenient solution to address these
issues and combat multi-antibiotic-resistant microorganisms [8-9]. Research has shown that
probiotics can have a significant impact on various aspects of health, including their effect on
digestive enzymes in both animals and humans, inhibiting carcinogenic factors in the
environment and in laboratory settings, suppressing mutations, carcinogenic compounds, and
tumors in laboratory animals. Lactobacillus bacteria are among the most important probiotic
bacteria and play a crucial role in promoting the health of their host organisms[10]. The addition
of probiotics to food products has been proven to be safe in various studies. The first research

involving the incorporation of probiotics into food layers and coatings was conducted in 2007 by
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Tapia et al. Since then, numerous studies have investigated the use of probiotics in edible films
with various approaches. The use of edible films containing probiotics in food structures acts as a
tool for the effective delivery of probiotics to consumers. Furthermore, by controlling the growth
of spoilage microorganisms through competition or the production of antimicrobial substances
by probiotics, it helps to enhance food stability and safety. Based on these principles, a study
[11] developed an edible film based on casein to incorporate the probiotic Enterococcus faecium
Rpl. According to the results, this edible film containing the probiotic showed significant
freshness regarding antimicrobial and antioxidant properties. Additionally, it improved
structural, optical, and thermal properties. Furthermore, it was observed that this film had
excellent probiotic viability throughout the study and could be suitable for transporting
probiotics and potentially serve as active packaging for various food products. According to the
results, the addition of probiotics did not significantly change the physical properties of the
edible film except for an increase in flexibility. Furthermore, this edible film showed a desirable
inhibitory effect against Staphylococcus aureus, indicating its potential to preserve perishable
food products and function as active packaging. In a study conducted [12], aimed at
investigating the effect of Lactobacillus rhamnosus on the microbiological and physicochemical
quality of cherries during storage in the refrigerator, probiotic Lactobacillus rhamnosus and
inulin were added to gelatin-based coatings and applied to fresh cherries. During 16 days of
storage in the refrigerator, the survival of probiotics and the microbiological and
physicochemical quality parameters of the cherries were evaluated. According to the results,
gelatin-probiotic coatings and gelatin-probiotic-inulin coatings increased the shelf life of cherries
compared to the control group. During storage, these coatings significantly reduced weight loss
in cherries and did not affect quality parameters (pH, titratable acidity, and total soluble solids).
Gelatin-probiotic coatings reduced the growth of fungi and the total number of mesophilic
aerobic bacteria in cherries, while the initial number of probiotic bacteria was maintained
throughout the study. These findings indicate that gelatin films containing probiotics can serve as
an alternative method for delivering probiotics and improving the shelf life of perishable fruits
and other food products. Three types of films (wheat fermentation powder, whole wheat flour,
and bovine bone gelatin) were combined alone with Lactobacillus plantarum, and the survival of
the bacteria was examined over 40 days at refrigeration temperature. The results showed that the
prepared films had a high protective effect on the studied probiotic bacteria. In the evaluation of
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physicochemical and mechanical properties, it was observed that the addition of probiotic
bacteria did not affect the thickness, moisture content, and solubility of all layers, but changed
the mechanical properties of the studied films[13]. Based on the mentioned content, this research
has been conducted with specific objectives outlined below. According to the authors'
knowledge, no research has been carried out to investigate the effect of probiotic films
containing sodium caseinate and gelatin with Lactobacillus paracasei, Bifidobacterium bifidum,
and Lactobacillus plantarum on the survival of Staphylococcus aureus and the physicochemical
properties of rainbow trout fillet. Therefore, this research aims to experimentally investigate a
new method for extending the shelf life of rainbow trout fillets and increasing the practical

application of probiotic films in antimicrobial food packaging.
Material and Method
Preparation of rainbow trout fillet

Rainbow trout was purchased from one of the reputable fish farms in Tehran, Iran, and was
transferred to the laboratory under completely sterile conditions with ice. Immediately, the fish
fillet was separated using sterile scissors and a scalpel and was kept in a special sterile bag.
Additionally, to ensure that the samples were not contaminated with Staphylococcus aureus
bacteria, 5 grams of the fish fillet was dissolved in 45 milliliters of 0.1 percent peptone water,
and after successive dilutions, microbial culture plates were prepared using Parker agar medium.
Inoculation was performed for 48 hours at 37 degrees Celsius in an incubator. To inoculate
Staphylococcus aureus bacteria, fish samples were placed inside a microbial suspension with a
concentration of log 6 CFU/mI for 5 minutes. To dry the surface of the samples, they were left at
room temperature for 30 minutes and then stored in the refrigerator until the remaining testing

procedures were completed.

Preparation of bacteria

In the stage of preparing bacteria, the strains Lactobacillus paracasei ATCC 18036,
Bifidobacterium bifidum PTCC 1644, and Lactobacillus plantarum were obtained from the
Iranian Research Institute of Scientific and Industrial Research. First, the work surface is
sterilized and the vials containing the bacteria are placed within the flame range. Then, alcohol is

poured over the vial surface and a line is drawn on it using a diamond linear pen. The vial is then

209



International Journal of New Chemistry, 2025, 12 (2), 206-224 Kargosha et al

broken using sterilized cotton pads. After this stage, MRS culture medium is added to the vial
and a homogeneous mixture is prepared. The prepared solution is transferred to a test tube
containing MRS culture medium and a drop of the solution is drawn in a linear cut on the MRS
agar culture medium. Then, the tubes and petri dishes are incubated for 48 hours under
microaerophilic (Lactobacillus) and anaerobic (Bifidobacterium bifidum) conditions at 37
degrees Celsius. Finally, the bacteria are stored in sterilized glycerol and used for subsequent
stages. In the same way, pathogenic bacteria are also prepared and stored for future tests.

Preparation of probiotic film

First, a film solution was prepared by dissolving 3 grams of gelatin in 100 milliliters of sterile
biological water. To ensure complete dissolution, the solution was mixed on a magnet for 3
hours at room temperature. Then, 0.75 grams of sodium caseinate was added to the solution.
Next, glycerol was added as a plasticizer at a rate of 0.5 milliliters per 100 grams of gelatin-
sodium caseinate. Finally, the final solution was homogenized for 10 minutes at a speed of
12600 RPM using a homogenizer and then placed on a heating plate for one hour. After
preparing the sodium caseinate-gelatin base solution, the solution was autoclaved, and when the
solution reached a temperature of 35 degrees Celsius, 1 milliliter of each of the bacteria
Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum was added to 99
milliliters of the solution under different conditions (109 CFU/ml). The resulting material was
cast into glass molds using the casting method. After the solvent evaporated at room temperature,
the films prepared were separated from each other after 48 hours. Next, intact films without

bubbles or fractures were selected for testing and stored in the refrigerator.

Examination of Bacterial Characteristics

To evaluate the survival of the probiotic bacteria studied in sodium caseinate-gelatin films, 1
gram of the films prepared with 9 milliliters of 1.0% peptone water was placed in a special test
tube and mixed for ten minutes with a vortex. The counting of Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum bacteria was carried out over twelve days
(on days 0, 2, 3, 6, 9, and 12 respectively) on MRS and MRS + 0.5% cysteine culture media.
This incubation was performed for 48 hours under microaerophilic and anaerobic conditions at a

temperature of 37 degrees Celsius.
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Examination of the properties of probiotic films

In this section, the probiotic films designed in the previous section were examined for their
physical, mechanical, and antimicrobial properties. Some tests, such as moisture content tests,
were conducted on the films. The films were conditioned using a humidity generator at 25
degrees Celsius and 55 percent relative humidity for 48 hours before conducting some tests. The
thickness of the films was measured using a digital micrometer with an accuracy of 0.0001
millimeters at a minimum of 10 random points, and their average thickness was calculated. After
the films reached moisture equilibrium under specified conditions, their moisture content was
determined. For this purpose, weighted pieces of the films were placed inside capsules that had
previously reached a constant weight. To ensure the capsules reached a constant weight, they
were placed in a desiccator after being removed from the oven and, after cooling, were carefully
weighed to 0.0001 grams on a scale. They were then placed in an oven at 110 degrees Celsius to
achieve a constant weight. In the next step, the percentage of moisture content was calculated
based on the weight loss of the samples compared to the initial sample. In this experiment,

negligible evaporation from inside the films was considered.
Mechanical properties of films

Tensile strength test (TS) was conducted using a testometric device and according to ASTM
number 91-D882. The films were cut into rectangular shapes measuring 10 x 1 square
centimeters. The distance between the two jaws of the device was set to 50 millimeters and the
jaw speed was selected at 10 millimeters per minute. Elongation at break (EAB) was measured

using the Al.5000 testometric device model.
Water Vapor Transmission Rate (WVTR)

To conduct this test, ASTM E96 standard was used. Anhydrous calcium chloride was placed
inside the moisture permeability measurement cells. The surface of the cell was then coated with
aqueous paraffin wax. Thus, due to the moisture-absorbing property of anhydrous calcium
chloride, the relative humidity inside the cells was reduced to zero. Next, the cells were placed
inside a desiccator containing saturated salt water. Saturated salt water creates a relative

humidity of 75% at a temperature of 25 degrees Celsius. The humidity difference on both sides
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of the film at 25 degrees Celsius created a vapor pressure gradient of 1753 pascals. This pressure
difference acted as the driving force for the transfer of water vapor from the desiccator into the
cell. Over a period of 24 hours, the samples were taken out of the desiccator several times, and
their weight was measured. The weight changes of the cells during this period were measured
using a digital scale with an accuracy of 0.0001 grams. For each film sample, a cell without
calcium chloride covered with the film was also considered as a control. Thus, the moisture
absorbed by the film and not passed through was measured. The slope of each plotted line was
calculated, and the water vapor transmission rate (WVTR) was obtained by dividing the slope of

the line (grams per second) by the surface area of the test film (cell edge) (square meters).
Light

The films were cut into square pieces and placed in the cells of the spectrophotometer. Optical
light absorption was measured at a wavelength of 600 nanometers. Transparency was determined

by dividing the amount of absorption by the film thickness.
Microbial analysis

To examine the microbial characteristics of the samples, microbial cultures were prepared at 6
different times: day O (start of the study), 2, 3, 6, 9, and 12 (end of the study). The samples were
stored at an appropriate refrigeration temperature (4 degrees Celsius). For counting
psychrotrophic bacteria, serial dilutions of the samples were prepared and the bacteria were
cultured on plates containing Plate Count Agar (PCA). Specifically, 10 grams of the sample were
mixed with 90 milliliters of a 1.0% peptone water solution in a stomacher bag. From this
mixture, various dilutions were prepared and the diluted samples were plated on PCA plates. The
plates were then incubated for 10 days at 7 degrees Celsius. After incubation, the plates were
counted and the results were reported based on the dilution factor in CFU/g. For counting the
average number of Staphylococcus bacteria, supplemented agar with streptomycin, fusidic acid,
and cephaloridine was used. The plates were then incubated at 37 degrees Celsius in an incubator
for 24 hours. Before starting the experiment, it will be ensured that Staphylococcus aureus
bacteria are not present in the fish samples, and then vaccination of the mentioned bacteria will
be performed (as explained in the fish sample preparation section). For counting the number of
Staphylococcus aureus bacteria, Parker agar was used. After preparing the serial dilutions,

212



International Journal of New Chemistry, 2025, 12 (2), 206-224 Kargosha et al

surface vaccination was performed and the plates were incubated for 48 hours at 37 degrees

Celsius.
Results and Discussion
Physical and Mechanical Properties

The results of the physical-mechanical properties, including tensile strength (TS), water vapor
transmission rate (WVTR), elongation at break (EAB), moisture content, swelling ratio,
thickness, and transparency of sodium caseinate edible films are presented in Figures 1 and 2. In
pure sodium caseinate edible films without probiotics, the properties are reported as follows: TS
42.25 megapascals, WVTR 53.12 grams per millimeter per kilopascal per hour per square meter,
EAB 61.86%, moisture content 33.78%, swelling ratio 37.28%, thickness 0.94 millimeters, and
transparency 0.86%. in edible films of sodium gelatin casein with probiotic bacteria
Bifidobacterium bifidum, the characteristics were as follows: TS 29.84 megapascals, WVTR
32.62 grams per millimeter per kilopascal per hour per square meter, EAB 41.25%, moisture
content 18.21%, swelling ratio 25.32%, thickness 0.69 millimeters and transparency 0.62%. in
edible films of sodium gelatin casein with probiotic bacteria Lactobacillus plantarum, the
characteristics were as follows: TS 28.4 megapascals, WVTR 31.41 grams per millimeter per
kilopascal per hour per square meter, EAB 44.0%, moisture content 20.32%, swelling ratio
26.53%, thickness 0.7 millimeters and transparency 0.613%. Ultimately, in sodium casein gelatin
edible films with the probiotic bacteria Lactobacillus paracasei, the characteristics were as
follows: TS 28.36 megapascals, WVTR 30.22 grams per millimeter per kilopascal per hour per
square meter, EAB 42.38%, moisture content 16.161%, swelling ratio 22.951%, thickness 0.71
millimeters, and transparency 0.629%. As the results indicate, the addition of probiotic bacteria
Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum to sodium casein
gelatin edible films significantly reduces the physical-mechanical properties (including TS,
WVTR, EAB, moisture content, swelling ratio, thickness, and transparency) compared to pure
sodium casein gelatin edible films. However, no significant difference in physical-mechanical
properties was observed between sodium casein gelatin edible films containing different

probiotics.
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Figure 2. The thickness and clarity of gelatin-based films containing probiotic bacteria.

Microbial characteristics

Probiotic bacteria in sodium caseinate gelatin films

The health and survival of probiotic bacteria (Lactobacillus paracasei, Bifidobacterium bifidum,

and Lactobacillus plantarum) in sodium caseinate gelatin films stored for 12 days at refrigerator
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temperature were investigated, and the results are reported in Figure 3. According to the results,
the number of probiotic bacteria decreased over the study period. On day zero, the counts were
log CFU/g (9.02, 9.03, and 9.01) for Lactobacillus paracasei, Bifidobacterium bifidum, and
Lactobacillus plantarum, respectively. By the end of the study (day 12), these counts reached log
CFUl/g (6.79, 5.84, and 6.14), respectively. Significant differences in the survival of probiotic
bacteria among them were observed from day three onwards (p < 0.05). According to the
findings reported in this study, the highest survival rate of probiotic bacteria was related to

Lactobacillus paracasei, followed by Lactobacillus plantarum and Bifidobacterium bifidum.
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Figure 3. The investigation of the viability of probiotic bacteria in different films during storage
at 4 degrees Celsius

Total number of Staphylococcus aureus bacteria

The results related to the total number of Staphylococcus aureus bacteria in sodium caseinate
gelatin films containing probiotic bacteria (Lactobacillus paracasei, Bifidobacterium bifidum,
and Lactobacillus plantarum) along with the control group (bacteria-free) during 12 days of
storage at refrigerator temperature are reported in Figure 4. According to the results, the number
of Staphylococcus aureus bacteria in all groups increased proportionally with time throughout
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the study period. Compared to the control group, this increase was significantly higher in all days
of the study in the groups packaged with sodium caseinate gelatin films and sodium caseinate
gelatin films containing the studied probiotic bacteria (Lactobacillus paracasei, Bifidobacterium
bifidum, and Lactobacillus plantarum) (p < 0.05). Significant differences were also observed on
days 9 and 12 among all studied groups (p < 0.05). The number of Staphylococcus aureus
bacteria in the control group started at a log CFU/g value of 5.01 on day zero and reached a log
CFU/g value of 8.52 by the end of the study (day 12). In the group containing pure sodium
caseinate gelatin film, this value started at a log CFU/g value of 5.02 on day zero and reached a
log CFU/g value of 7.92 on day 12, showing the least difference from the control group. In the
groups containing edible films made with probiotic bacteria Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum, these values initially started from day
zero with log CFU/g values of (5.01, 5.00, and 4.99 respectively) and increased to log CFU/g
values of (6.52, 7.35, and 6.84 respectively) by the end of the study (day 12). As is evident, the

groups containing probiotic bacteria led to a greater reduction in Staphylococcus aureus bacteria.
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Total number of Pseudomonas aeruginosa bacteria

The results related to the total number of Pseudomonas aeruginosa bacteria in packaging films
with sodium caseinate gelatin films containing probiotic bacteria (Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum) along with the control treatment
(additive-free) during storage at 4 degrees Celsius are reported in Figure 5. According to the
results, the number of Pseudomonas aeruginosa bacteria gradually increased in all treatments
over the study period. Compared to the control treatment, this increase was significantly higher
in all study days except day zero in the treatments packaged with sodium caseinate gelatin films
and the treatments packaged with sodium caseinate gelatin films containing the studied probiotic
bacteria (Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum) (p <
0.05). Significant differences were also observed on days 6, 9, and 12 (p < 0.05). The number of
Pseudomonas aeruginosa bacteria in the control treatment started at 2.47 log CFU/g on day zero
and reached 7.88 log CFU/g by the end of the study (day 12). In the treatment with pure sodium
caseinate gelatin film, this number started at 2.45 log CFU/g on day zero and reached 7.36 log
CFU/g on day 12. In treatments with edible films containing probiotic bacteria Lactobacillus
paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum, this number initially started
from (2.49, 2.50, and 2.51 log CFU/g respectively) on day zero and increased to (5.16, 6.02, and
5.74 log CFU/g respectively) by the end of the study (day 12). As is evident, treatments

containing probiotic bacteria led to a greater reduction in Pseudomonas aeruginosa bacteria.
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Figure 5. The total bacterial count of Pseudomonas aeruginosa in different films during storage
at 4 degrees Celsius
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The results related to the enumeration of cold-resistant bacteria in treatments packaged with
gelatin-sodium caseinate films containing probiotic bacteria (Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum), alongside a control treatment
(simulator), under refrigerated storage conditions for 12 days, are reported in Figure 6.
According to the findings, the counts of cold-resistant bacteria showed a significant increasing
trend in all treatments throughout the study period, except on day zero, where the control
treatment demonstrated a significantly higher increase compared to the treatments packaged with
gelatin-sodium caseinate films and those with probiotic bacteria (Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum) (p < 0.05). Significant differences among
all studied treatments were also observed on days 6, 9, and 12 (p < 0.05). The count of cold-
resistant bacteria in the control treatment differed significantly from the other film-based

treatments starting from day 2 of the study (p < 0.05).

The results showed that the count of cold-resistant bacteria in the control treatment was 2.62 log
CFU/g on day zero, increasing to 6.44 log CFU/g on day 6, and reaching 8.76 log CFU/g at the
end of the study (day 12). In the treatment with gelatin-sodium caseinate film alone, the count
was 2.59 log CFU/g on day zero, which decreased to 5.36 log CFU/g on day 6 and increased to
7.96 log CFU/g by the end of the study (day 12), approaching the values of the control group. In
the treatments with gelatin films prepared with probiotic bacteria Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum, the initial counts of cold-resistant
bacteria were 2.63 log CFU/g, 2.61 log CFU/g, and 2.58 log CFU/qg, respectively, which
increased to 5.71 log CFU/g, 6.34 log CFU/g, and 6.15 log CFU/g by the end of the study (day
12). At the conclusion of the study, the treatment with gelatin-sodium caseinate film combined
with probiotic Lactobacillus paracasei showed the most significant difference from the control
group, followed by the treatments with films containing Lactobacillus plantarum and then
Bifidobacterium bifidum.

The results related to the total count of lactic acid bacteria in packages containing gelatin-sodium
caseinate films with probiotic bacteria (Lactobacillus paracasei, Bifidobacterium bifidum, and
Lactobacillus plantarum), alongside a control treatment (simulator), under refrigerated
conditions for 12 days are reported in Figure 7. According to the findings, the number of lactic
acid-producing bacteria increased significantly in all treatments during the study (P < 0.05), with
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a notable increase observed in the simulator treatment throughout the study period, except on day
zero (P < 0.05). At the start of the study (day zero), the count of lactic acid-producing bacteria in
all treatments was approximately 2 log CFU/g. By the end of the study (day 12), this count
reached 5.09 log CFU/g in the simulator treatment, 4.89 log CFU/g in the treatment with pure
gelatin-sodium caseinate films, and 6.93, 6.35, and 7.19 log CFU/g in the treatments with
gelatin-sodium caseinate films containing probiotic bacteria (Lactobacillus paracasei,
Bifidobacterium bifidum, and Lactobacillus plantarum), respectively. From day zero to the end
of the study (day 12), the count of lactic acid-producing bacteria in treatments with gelatin-
sodium caseinate films containing probiotic bacteria (Lactobacillus paracasei, Bifidobacterium
bifidum, and Lactobacillus plantarum) increased significantly compared to the simulator
treatment (P < 0.05). Among these, the treatment with gelatin-sodium caseinate film containing

Lactobacillus paracasei exhibited the greatest difference from the simulator group at the end of

the study.
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Rainbow trout is one of the most popular freshwater fish, whose consumption and demand have
increased due to its favorable organoleptic properties. Seafood, especially fish meat, is a vital
component of the human diet and belongs to the category of highly perishable products. This
perishability is due to its high nutritional value, which stems from its rich protein content, high-
quality fats, various minerals and vitamins, and the presence of unsaturated fatty acids (which are
prone to oxidation and rancidity). These factors contribute to the reduced shelf life of fish under
optimal storage conditions. Edible films are thin layers made from biopolymeric materials, such
as proteins, polysaccharides, lipids, or combinations thereof, capable of forming films. Other
additives, such as plasticizers and emulsifiers, are included in the film-forming solutions to
enhance their mechanical properties or to improve stability when lipids and hydrocolloids are
combined. Plasticizers are typically required for the production of edible films and coatings,
especially when polysaccharides or proteins are used as materials. Commonly used plasticizers
include glycerol, sorbitol, sucrose, and polyethylene glycol [14]. The hydrocolloid group consists
of polysaccharides and proteins. Protein-based films exhibit poor water resistance but provide
better mechanical and barrier properties compared to polysaccharides. Gelatin is obtained from
the controlled hydrolysis of collagen at high temperatures in the presence of water and is widely
available in nature. Gelatin is associated with antioxidant and antimicrobial activities. Generally,

gelatin films and coatings exhibit weak water vapor resistance, but they are widely used in meat

220



International Journal of New Chemistry, 2025, 12 (2), 206-224 Kargosha et al

applications due to their ability to reduce oxygen, oil, and moisture transfer[15]. One type of
biodegradable edible film is protein-based films made from sodium caseinate. Sodium caseinate
consists of a soluble mixture of irregular hydrophobic proteins that strongly associate with small
protein particles, which are in equilibrium with free-casein molecules. Edible biofilms prepared
from sodium caseinate-gelatin combinations have numerous applications in food and
biopharmaceutical packaging [16]. Recent research has extensively focused on incorporating
probiotic bacteria into edible films. These films serve as carriers for delivering probiotics to the
body, providing health benefits to the consumer. Additionally, the activity of these
microorganisms helps protect the safety and quality of the food product [17]. A study by
Namratha et al. developed a casein-based edible film for the delivery of the probiotic bacterium
Enterococcus faecium Rpl. The findings demonstrated that the film was suitable for carrying the
mentioned probiotic, ensuring its survival and viability, and could be used as active packaging

for various food products [18].

Similarly, studies such as those by Salimiraad et al. have employed composite gelatin edible
films containing probiotic bacteria as a novel method to extend the shelf life of different food
products. These films also inhibit the growth of pathogenic bacteria, reducing the risk of
foodborne diseases [19]. The physical-mechanical properties of edible films determine their
durability, stability, and ability to maintain structural integrity, which is crucial for extending
shelf life. Various factors influence these properties, including the characteristics, type, and
concentration of the biopolymer; the type and amount of plasticizer; the solvent used; and the
method of preparation and fabrication of the edible film. Evaluating the physical-mechanical
properties plays a vital role in ensuring the edible film's capability to maintain its structural
integrity throughout its use as packaging. The physical-mechanical properties, including tensile
strength (TS), water vapor transmission rate (WVTR), elongation at break (EAB), moisture
content, swelling rate, thickness, and transparency of sodium caseinate-gelatin edible films
(samples 1 to 8) were evaluated. According to the results of this study, the addition of probiotic
bacteria (Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum) to
sodium caseinate-gelatin edible films significantly reduced the physical-mechanical properties
(including TS, WVTR, EAB, moisture content, swelling rate, thickness, and transparency)

compared to pure sodium caseinate-gelatin edible films (P < 0.05). When comparing the
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physical-mechanical properties of sodium caseinate-gelatin edible films containing different
probiotics, no significant differences were observed among the films (P > 0.05). The reduction in
transparency of edible films containing probiotic bacteria observed in this study aligns with
findings[20]. Similarly, a study by Ebrahimi et al. evaluated the physicochemical properties of
carboxymethyl cellulose (CMC)-based edible films with four probiotic strains (Lactobacillus
acidophilus, Lactobacillus rhamnosus, Lactobacillus casei, and Bifidobacterium bifidum) over
42 days of storage at 4°C and 25°C. The results indicated that probiotic films exhibited higher
water vapor permeability (WVP) and opacity, while tensile strength (TS) and elongation at break
(EB) decreased compared to the control treatment [21]. In contrast, Wai et al. developed a
biodegradable chitosan-sodium caseinate edible film incorporated with Limosilactobacillus
fermentum. Their findings showed that only flexibility improved, with no significant changes in

other physical properties of the edible film after probiotic addition [22].

In a study by Salimiraad et al., nanocellulose-nanochitosan-gelatin films containing
Lactobacillus casei, Bacillus coagulans, and their combination were developed. The results
indicated that films containing probiotic bacteria caused a significant reduction in elongation at
break (EAB) and tensile strength (TS), while thickness and brightness (transparency) increased
significantly (P < 0.05). However, no notable changes were reported in the moisture content and
solubility of the films [23]. Similarly, Kalantarmahdavi et al. investigated three different films
(wheat dough powder, whole wheat flour, and bovine bone gelatin) separately combined with
Lactobacillus plantarum. The evaluation of physicochemical and mechanical properties showed
that adding probiotic bacteria did not affect the thickness, moisture content, or solubility of any

of the films. However, it did alter their mechanical properties [24].

Conclusion

This study demonstrates that gelatin-sodium caseinate films containing probiotics such as
Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum significantly
enhanced the shelf life of fish fillets. Regarding microbial growth inhibition, reduction in lipid
oxidation, and decreased total volatile nitrogen (TVN) in fish fillets, the pure gelatin-sodium
caseinate film showed the least effectiveness. In contrast, gelatin-sodium caseinate films

containing Lactobacillus paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum
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demonstrated a greater impact. Thus, pure gelatin-sodium caseinate films alone cannot
effectively preserve fish fillets under refrigeration. However, combining them with components
possessing antioxidant and antimicrobial properties, including probiotics like Lactobacillus
paracasei, Bifidobacterium bifidum, and Lactobacillus plantarum, can improve all mentioned
indicators and thereby extend the shelf life of rainbow trout fillets. This study provides a solid
foundation for practical applications of such formulations in various fish fillets and fish products.
Overall, treatment with packaging films containing these probiotics was evaluated as beneficial

in terms of shelf life and consumer acceptability.
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