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Abstract

This study aimed to evaluate the impact of combining
edible gelatin coatings with lactic acid bacteria, and bifi-
dobacteria on the quality, shelf-life, and sensory attributes
of processed cooked chicken breast during 45 days of
cold storage. Physicochemical analyses, survival rate of
microorganisms, microbiological quality, sensory features,
tissue properties, and weight loss were evaluated. These
samples maintained acceptable sensory attributes up to
day 45, while control samples exhibited significant quality
degradation by day 30. Key quality indicators monitored
over the 45-day storage period at 4 °C showed no signifi-
cant changes in water activity (p>0.05), and although pH
levels decreased, this change was not statistically signifi-
cant (p>0.05). Additionally, lipid oxidation was reduced
(»<0.05), and weight loss was minimized in the coated
samples compared to the control. The viable populations
of bifidobacteria and lactic acid bacteria demon-strated
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good survival rates after 45 days, with no significant dif-
ferences in pH and water activity values be-tween treated
and untreated samples (p > 0.05). The type of bacteria used
in the coating did not significantly affect its performance in
reducing oxidation, nor did the coating affect the crispiness
of the samples.

Research Highlights

e Gelatin coating with probiotics extends chicken breast
shelf life by 45 days.

e The quality and stability of coated chicken breast
improved due to reduced oxidation.

e Gelatin coating prevents spoilage, maintains quality and
weight of meat products.

Keywords Edible coatings - Chicken breast - Gelatin -
Lactiplantibacillus plantarum - Bifidolacterium bifidum

Introduction

Chicken meat is highly perishable and provides a favor-
able environment for the growth of spoilage and pathogenic
microorganisms. These microorganisms can cause changes
in the taste, texture, and nutritional value of the meat, as well
as serious health risks for consumers. Oxidative processes
can also lead to meat spoilage, affecting lipids, pigments,
proteins, and vitamins. This can result in the loss of essen-
tial fatty acids and vitamins, changes in color and texture,
and the development of rancid odor and taste, all of which
affect consumer acceptance (Pavelkova et al. 2014). The
main strategy used by the meat industry to control microbial
spoilage and lipid oxidation is the addition of antioxidants
and antimicrobials to meat and meat products. However,
consumers nowadays demand more natural products, which
limits the industry in the use of these compounds in food.
For these reasons, in recent years, many researchers have
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attempted to preserve meat products by different methods,
among which the use of films and coatings made from natu-
ral products seems very promising (Lashkari et al. 2020).

Edible coatings defined as a layer of polymeric materi-
als that adhere to the surface of food and can be formulated
from edible biopolymers, mainly carbohydrates. They are
non-polluting products because they are composed of nat-
ural products that are degradable in the environment. The
choice of the type of coating material is an important step
for the proper implementation of the coating, which is done
according to the type of food and the properties of the differ-
ent coatings (Karwowska et al. 2021). Edible gelatin coat-
ing is considered for the preservation of meat products. The
gelatin matrix acts as a barrier against water and oxygen,
thus slowing down water loss and oxidation of myoglo-
bin and lipids, and extending shelf-life. Gelatin is formed
when collagen is exposed to mild heat under acidic or alka-
line conditions. Gelatin contains large amounts of proline,
hydroxyproline, lysine and hydroxylysine, which causes
cross-molecular bonds between them. The development of
edible films for preserving meat products is driven by con-
sumer demand for high-quality products, and environmental
concerns regarding the non-recovery of packaging materials
(Gomez-Estaca et al. 2007).

The application of edible films in meat products favors
moisture retention, reduces the rate of spoilage reactions and
the contamination and growth of microorganisms, and can
even serve as a vehicle for the release of active compounds
that incorporate additional preservative characteristics. Fur-
thermore, antimicrobial compounds in edible coatings are
released in a controlled manner, allowing the concentration
required to inhibit bacterial growth to be minimized (Garav-
ito et al. 2020). Biopreservation is a technique for extending

Fresh chicken is deboned by hand

the shelf-life of foodstuffs which also involves the incor-
poration of viable microorganisms into edible coatings and
films. Both lactic acid bacteria and bifidobacteria produce
antimicrobial substances (acids and bactericides) that can
help to protect foods, as well as having other health ben-
efits, since many strains of these bacteria are also probiotics
(Agriopoulou et al. 2020; Guimaraes et al. 2018; Mehdiza-
deh et al. 2021; Pereira et al. 2016). Today, many strategies
are being developed to limit the spoilage of meat products,
with recent techniques including the use of antimicrobi-
als or microorganisms in combination with edible films
made from natural polymers. This study aligns with these
advanced approaches by investigating the effect of an edible
gelatin coating containing strains of lactic acid bacteria and
bifidobacteria on the quality and stability characteristics of
processed cooked chicken breast during cold storage. Our
research contributes to the field by demonstrating how such
coatings can effectively preserve meat quality and extend
shelf-life, thus offering a promising solution to meat spoil-
age challenges.

Materials and methods
Chicken meat preparation

The cooked processed chicken breast was prepared by
the Andre Meat Products Company (Andre, Iran). Fig-
ure 1 depicts the initial process of deboning fresh chicken
by hand, separating the breast meat from the carcass,
weighing it, and transporting it to a processing room. The
chicken breast samples were then inserted into an injector
(Filogrind, Model 360, GRONA-Spain), where a processing
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solution containing salt, nitrite, phosphate, stabilizer, starch,
and spices was injected into the machine through needles.
Subsequently, the injected chicken breast samples were
placed in a cart and introduced into the Tumbler machine
(Tumbling Ruhle, Germany) along with the specified solu-
tion. The Tumbler machine operated at approximately 3 °C
under vacuum (75%) and with the device rotating at 25 rpm
for 2.5 h. The samples were then moved to a cart and refrig-
erated overnight. Following this, they were transferred to
the smoking chamber for 90 min of drying and 20 min of
smoking, and then to the cooking chamber where they were
cooked at a core temperature of 75 °C for 20 min, spend-
ing approximately 90 min in the cooking chamber at 80 °C.
Subsequently, the samples were cooled to room tempera-
ture and placed under vacuum (Henkelman, Holland) for
packaging.

Bacterial strains

Lactiplantibacillus plantarum 1058 (ATCC8014) and Bifi-
dobacterium bifidum 1644 (DSM20456) strains were pur-
chased in a lyophilized form from the Iranian Scientific and
Industrial Research Organization (Iran, Tehran).

Preparation of microbial cells

The microorganisms were reactivated and pre-cultures of
Lacp. plantarum 1058 and B. bifidum 1644 were prepared
in De Man—Rogosa—Sharpe (MRS) broth medium (Merck,
Germany) with 0.05 g /100 g L-cysteine hydrochloride
(MMRS) and incubated until the exponential phase was
reached under appropriate anaerobic conditions using Gaz-
pak system at 28 °C and 37 °C, respectively. The grown
cells were harvested by centrifugation at 1500xg for 15 min
at 4 °C and resuspended in a sterile 0.9% (w/v) NaCl
(Merck, Germany) solution for subsequent incorporation
into the coatings.

Formulation of the coatings

The coating solutions, one for each strain, were prepared
by dissolving 3 g (w/v) of gelatin powder (Sigma-Aldrich,
United States) in 100 ml of distilled water and adding glyc-
erol to the solution at a concentration of 25%, as a plasti-
cizer. To obtain a suitable mixture, the solution was mixed
at 45 °C for 10 min. The solution was then sterilized (by
heating at 80 °C for 10 min) and cooled at room temper-
ature. Afterward, the strains were added separately to the
coating solutions to reach a final concentration of 108 CFU/
ml (Ebrahimi et al. 2018).

Coating of cooked chicken breast

The samples were prepared under three conditions: 1; Con-
trol sample: cooked, processed chicken breast (without
applying any coating), 2; Coating with Lacp. plantarum
strain, 3; Coating with B. bifidum strain. Chicken breast
samples from conditions 2 and 3 were immersed for 2 min
in each of the previously described coating solutions. The
excess coating solution in the treated samples was then
drained for 30 s and then vacuum packed. Packages were
stored at 4 °C for 45 days and at each sampling point (1,
15, 30 and 45) were analyzed for microbiological analysis,
viability of the incorporated bacteria, physicochemical anal-
ysis, color, texture and sensory evaluation.

Microbiological analysis of cooked chicken breast

First, the outer layer of the cooked processed chicken breast
pack was disinfected with 70% ethanol and then the coating
was cut with a sterile knife. Microbial contamination was
counted according to Iranian National Standard No. 5753.
Samples of 10 g meat product were weighed aseptically on
sampling days (0, 1, 15, 30, and 45 days) and homogenized
with 90 mL of 0.1% sterile peptone water in Stomacher for
1 min at room temperature. For each sample, a sequential
decimal dilution in 0.1% peptone solution was prepared and
I mL or 0.1 mL of the samples at the appropriate dilution
was prepared in three replicates and the following micro-
bial groups were detected. Total mesophilic aerobic bacteria
were counted on PCA (Merck, Germany) at 37 °C for 24 h
(according to National Standard No. 5272). Coliforms were
counted after incubation in Violet Red Blood Agar (Merck,
Germany) at 37 °C for 24 h according to Iranian Standard
No. 437. Salmonella spp. counts were performed according
to Iranian Standard No. 1810. Staphylococcus aureus was
counted using Baird-Parker Agar culture medium (Merck,
Germany) according to Iranian Standard No. 8606-1. Molds
and yeasts were counted according to Iranian Standard
No. 997. Clostridium perfringens was counted according
to Standard No. 2197. Escherichia coli was also counted
according to Iranian Standard No. 2946 (Iran 2016).

Evaluation of the viability of microorganisms
incorporated in coatings

The viability of microorganisms incorporated in the cooked
chicken breast was evaluated during 45 days of storage.
Lacp. plantarum was counted in MRS medium incubated
under anaerobic conditions (AnaeroGen sachet) at 28 °C for
48 h; Bifidobacterium bifidum was counted in MRS supple-
mented with filter-sterilized 0.05% (w/v) L-cysteine-HCl
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incubated at 37 °C for 48 h under anaerobic conditions
(Anaerogen sachet).

Physicochemical analyses

Chicken meat samples were analyzed for moisture accord-
ing to Iranian National Standard No. 745, protein (INS No.
924), lipid (INS No. 742) and ash (INS No. 744). The pH
was analyzed as described by Mancini et al. (2017). The
oxidation (Thiobarbituric acid reactive substances) of the
samples was analysed as described by Fazlara et al. 2017.

The water activity was measured using an Aw meter
(Novasina AG, Switzerland) according to the manufactur-
er’s instructions. For weight loss assessment, one sample
per coating condition was separated on the first day and
weighed by the balance with an accuracy of 0.001 g dur-
ing the storage period. The relative weight loss (AW) was
calculated as follows:

AW = ((w0 — w)/w0) x 100

Where wO0 is the initial weight and w is the final weight at
each sampling point (Ben Slima et al. 2017). Three readings
of each sample were assessed. All these parameters were
analyzed for 45 days of storage at 4 °C.

Color features

The color of the processed and cooked chicken breast
was evaluated by Konica Minolta CR-400 (Japan) on the
outer surface of each sample in triplicate at three randomly
selected points. The colorimetry was performed at room
temperature and reported as L*, a*, and b* parameters. L*
indicates the brightness of the sample and its range varies
from 0 (pure black) to 100 (pure white). Parameter a* indi-
cates the redness of the sample and its range varies from
— 60 (pure green) to + 60 (pure red). Parameter b* indicates
the yellowness of the sample and its range varies from — 60
(pure blue) to + 60 (pure yellow). From the measured val-
ues, the total color difference between the control sample
and each of the treatment samples (AE*) are calculated
according to Eq. (1): (Mancini et al. 2017).

AE=[(AL%)* 4+ (Aax)*+(Abx)*]"? O

Textural features

The tissue characteristics of the treated and control meat
products during 45 days of storage at 4° C were obtained by
analysing the tissue properties in a tissue analyzer (Brook-
field, CT3 Texture Analyzer, USA) equipped with a 25 kg
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load cell and a 25 mm diameter acrylic probe at room tem-
perature. The sample was cut into 20-mm-long cylinders
and compressed to approximately half its original height in
two consecutive cycles at a constant speed of 1 mm/s with a
waiting time of 5 s. From the force deformation curves, the
parameters of the tissue profile were calculated: hardness
(the maximum force required to cause deformation), cohe-
sivity (strength of the internal bonds forming the body of the
product), springiness (the amount of return of the sample
to its original shape after compression), adhesiveness and
chewiness (Mancini et al. 2017).

Sensory evaluation

Samples of treated and control chicken breasts were ana-
lysed from a sensory point of view using a hedonic test
(liking or pleasure) on a 5-point scale according to the
characteristics of tissue, taste, color, juiciness, and general
acceptance of samples. Samples with a Kor three-digit code
(using a random number table) were provided to the evalu-
ators in a randomized complete block design (30 untrained
evaluators aged 20-35 years, of both sexes equally). The
only selection criterion for the group of evaluators was lik-
ing and consumption of this type of meat product. Samples
were placed separately in disposable plastic dishes and given
to the evaluators along with a special questionnaire. Warm
samples (38 °C) were given to the evaluators, who were
asked to use mineral water and unsalted crackers to rinse
their mouths between each sample. To avoid the negative
impact of external factors on the results of sensory evalua-
tion, the evaluation panel was asked to abstain from eating,
chewing gum, and smoking for at least one hour before the
evaluation process. The sensory evaluation was performed
after the microbial safety test of the samples, which con-
firmed that the samples could be consumed (Fernandes et
al. 2016).

Statistical analysis

Data collection for physicochemical, microbial, and colo-
rimetric tests was performed by sampling and experimen-
tally using laboratory equipment. Sensory testing of cooked
processed chicken breast samples was also performed in
a consumer-oriented manner, using a questionnaire and
subsequent statistical analysis. The results obtained in the
experiments are expressed as the mean+standard devia-
tion (SD) of the three-replicate measurements. Colony-
forming units (CFUs) are converted to their logarithmic
values before statistical analysis. Experimental data were
compared by one-way ANOVA. Statistical analysis of the
results was performed with SPSS software version 27. A
significance level of p<0.05 was considered for all data
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Table 1 Evaluation of the survival rate of bacteria inoculated into the
coating during storage

Table 2 Proximate composition of cooked and processed chicken
breast before coating

Treat- Days Parameter (%) Mean+ SD
ment 1 15 30 45 Carbohydrate 0.73+0.03
Control ~ 7.41+0.014% 2.84+0.025 2.60+0.03% 2.43+0.025 Ash 2.81+0.02
Treat-  7.47+0.02%% 6.46+0.03%° 6.23+£0.02"° 6.02+0.024° Protein 17.31+0.01
ment 1 Fat 3.76+0.02
er;?ttZ 7.50+£0.014% 7.27+0.02° 6.35+0.014° 6.06+0.014° Humidity 72.42+0.01

Treatment 1: Samples with edible gelatin coating containing Lacp.
plantarum. Treatment 2: Samples with edible gelatin coating contain-
ing Bifidobacterium bifidum. The similar upper and lower case letters
indicate no significant difference (p>0.05). The results are reported
as log CFU/g and are expressed as mean = standard deviation

comparisons. For the statistical analysis of the sensory eval-
uation, the non-parametric Kruskal-Wallis method was used
to compare treatments at a specific storage time and the non
—parametric Friedman method to compare a treatment dur-
ing storage time.

Results and discussion
Microbiological analysis of cooked chicken breast

The findings indicated that there was no growth of meso-
philic aerobic bacteria, Coliforms, Salmonella spp., Staphy-
lococcus aureus, Clostridium perfringens, and Molds and
Yeasts on the media.

Survival of bacteria inoculated in the coating during
storage

At the start of experimentation, both Lacp. plantarum and
B. bifidum were present at a concentration of about 7.5 log
cfu/g (Table 1). During storage, the survival rate of bacte-
ria in the coated chicken breast slightly decreased, reach-
ing a value of about 6.0 log cfu/g in both samples after 45
days of storage (p<0.001). The high survival of bacteria
used is relevant since they have the potential to be used as
biopreservation, due to the ability to produce antimicrobial
substances as lactic acid or for the competition of nutrients.
These results are quite consistent with those of another
study in which the survival of Lactobacillus sacchi incor-
porated into sodium caseinate films was almost unchanged
when stored at 4 and 25 °C for 30 days (Gialamas et al.
2010). Pereira et al. 2018; also found that the survival of B.
animalis Bb-12 and L. casei 01 was high in the coating of
sliced ham with whey protein isolate (WPI) stored at 4 °C.
One of the most recent approaches to improve the survival
of functional bacteria is their immobilization in edible films
(Fernandes et al. 2016).

Results of aw, pH, TBA (Thiobarbituric acid reactive
substances) and weight loss of samples during
storage and proximate composition of chicken
breast samples

The proximate composition of chicken breast was reported
in Table 2.

The pH, water activity and lipid oxidation in coated
and uncoated samples during 45 days of refrigeration were
investigated (Fig. 2). For water activity (Fig. 2A), the results
showed that there were no significant differences (p > 0.05)
in water activity in all treatments. The results of pH anal-
ysis (Fig. 2B) showed that in all samples the pH slightly
decreased during storage (p <0.001). After 45 days, no dif-
ference in pH values was detected between uncoated and
coated chicken breast, as also highlighted by Pereira et al.
2018. On the contrary, Pavli et al. (2020) showed that the use
of edible films affected the pH value and a rapid decrease in
pH value was observed at all temperatures.

During storage, lipid oxidation (Fig. 2C) was initially
stable in treatments with gelatin coatings containing Bifi-
dobacterium bifidum and Lactobacillus plantarum. How-
ever, lipid oxidation during storage subsequently decreased,
particularly in samples treated with the gelatin and bacte-
ria coatings. This pattern may be attributed to the initial
oxidative reactions followed by the stabilization of the
antioxidative properties of the gelatin coatings. This coat-
ing was effective up to the 30th day of storage (p <0.001).
In general, samples with gelatin and bacteria coating per-
formed better than the control. The type of bacteria used
did not affect the performance of the coating in reducing
oxidation. The susceptibility of meat to fat oxidation and
increased TBA depends on various factors, such as the spe-
cies of animal, type of muscle, shelf-life, methods of pack-
ing and addition of antioxidants. Although free radicals are
known to aggravate fat oxidation in meat, the amount of fat
and fatty acid composition are also important for the oxida-
tion of meat fat during storage (Hassanzadeh et al. 2012).
The study of Taghizadeh and Rezaei (2012) showed that
initial products of lipid oxidation (peroxide) increased sig-
nificantly over time until day 10, indicating fat oxidation,
while from day 10 onwards the rate decreased, which can be
due to the decomposition of hydroperoxides into oxidation
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by-products. The peroxide content of the coated fillets was
significantly lower than that of the uncoated fillets only at
day 15, probably due to gelatin coating preventing oxygen
from coming into contact with the product surface. In gen-
eral, weight loss (Fig. 2D) occurred in all samples during
shelf-life. However, this weight loss was less in coated sam-
ples, which shows a positive effect of the coating in prevent-
ing product weight loss. In general, the lowest weight loss
occurred in treatments 1 and 2 at day 1 (9.74 +0.64) and the
highest rate occurred in the control at day 45 (29.1+0.5). It
was shown in other studies that during the storage of ham
with edible whey protein coating, the coating prevented
weight loss (Pereira et al. 2018).
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Results of sensory evaluation

The results of sensory evaluation are shown in Fig. 3. The
overall acceptance of samples with edible gelatin coating
containing B. bifidum decreased during storage. The low-
est acceptance rate in treatment 2 and control (2.5 +1.106)
was at day 15 and the highest rate was in control at day
45 (3.9+0.845), with no significant differences (p> 0.05)
between them at day 45. The hydration of product decreased
during the storage period in treatment 1. But in control
sample and treatment 2, there is an increase, so the highest
rate was in control at day 30 (3.87+0.973). The crispiness
of the treatment samples increased during storage. But in
treatment 2, the crispiness has decreased slightly. Crispi-
ness has also increased in control samples. It can be con-
cluded that the coating did not have a significant effect on



Journal of Food Science and Technology

A B

General Acceptance
5

Appearance Juicy Appearance

Taste Brittienes Taste

Odor Texture Odor

D General Acceptance

. E

Appearance /\ Juicy
1\ Appearance

) Brittlenes
/ Taste

Odor Texture

Taste

Odor

~@- Control

General Acceptance
5

Gelatin + & Gelatin +
Bifidobacter Bifidum Lactobacillus plantarum

General Acceptance
5

Juicy Appearance Juicy

Brittlenes Taste Brittienes

Texture Odor Texture

General Acceptance

. A: 1day
B: 15 days
C: 30 days
D: 45 days
Brittienes E: Overall
Texture

Fig.3 Sensory evaluation results during storage at 4 °C. A-E shows the sensory attributes for taste, odor, texture, brittleness and genral acceptance
of processed chicken breast (coated and uncoated) at day 1, 15, 30, 45 and overall

crispiness of the samples. In general, the lowest crispiness
was in control and treatment 2 at day 15 (2.3+1.081) and
the highest in control was at day 45 (3.87+0.571). In terms
of texture, the control sample increased during storage. In
case of treatment 1, the highest amount was reported at
day 30. Tissue specificity increased in treatment 2 during
storage. The lowest rate was in treatment 2 and control on
day 15 (3.07 £1.202) and the highest rate was in treatment
1 on day 30 (3.87+1.008). In terms of product taste, the
results show that in all samples, the taste has improved with
increasing shelf life by 30 days. The lowest rate was in treat-
ment 2 and control at day 15 (2.6+1.221) and the highest
rate was in the control at day 30 (3.93 +1.172). Bulut and
Candogan (2022) developed 3D printed functional chicken
meat-based snack to optimization of process parameters and
gelatin level. The results showed the sample with 1.79%
gelatin addition received significantly higher scores for all
attributes (P <0.05), with ratings ranging from 8.0 to 8.2
(indicating a preference of “like very much”). The improved
scores for the gelatin-added samples can be attributed to

factors such as gelatinization, enhanced printability, and
increased viscosity.

Regarding the appearance of treatments, it was reported
that in treatment 2, appearance improved during the main-
tenance period. The least improvement in appearance
was in treatment 1 at day 45 (2.47+0.819) and the high-
est improvement was in control at day 30 (3.7+0.988). In
treatment 2, quality of appearance was better than other
treatments. It can be said that the difference in sensory char-
acteristics at days 1 and 15 of test was not significant. A
study by Brannan reported that the use of grape seed extract
(GSE) in chicken breast alone does not cause any change
in sensory score or color of samples, but rather reduces
unpleasant taste and odor in chicken, which is not consistent
with the present study in terms of taste changes (Brannan
2009). In a research conducted by Kakaei and Shahbazi, the
effect of chitosan-gelatin film containing ethanolic extract
of grape seed (in amounts of 1 and 2%) and essential oil of
Ziziphora clinopodioides (in amounts of 1 and 2%) sepa-
rately and in combination increased the shelf life of minced
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fish fillets at refrigeration temperature (4 °C) over 11 days
was examined. Samples with chitosan-gelatin film contain-
ing 2% Ziziphora clinopodioides essential oil and 1% etha-
nolic extract of grape seed as well as 2% essential oil of
Ziziphora clinopodioides and 2% ethanolic extract of grape
seed showed the best sensory properties (Kakaei and Shah-
bazi 2016). In the study of Pavli et al. a slight difference was
observed between the control and probiotic cases, mainly in
the properties of redness, odor and acidic taste. The acidic
taste was slightly more pronounced in samples with micro-
organisms, but was not considered unpleasant. Features
specified are significantly affected by temperature (Pavli et
al. 2020). Taghizadeh and Rezaei 2012 also stated in a study
that both treatments decreased in quality during the main-
tenance period. At the end of the storage period, uncoated
fillets were not significantly different from gelatin-coated
fillets. Also, texture, odor, color and general acceptance of

control samples as well as gelatin-coated fillets at day 10
were unacceptable (Brannan 2009).

Results of textural properties

The results of the texture property analysis (Fig. 4) showed
that the hardness of the products increased during shelf-life.
No significant difference (p > 0.05) was found between the
treatments at days 1, 15 and 30. After 45 days, the lowest
hardness value was related to the sample coated with Treat-
ment 2. Khoshnoudi-Nia and Sedaghat (2019) conducted a
study to assess how active edible coating and temperature
impact the quality of roasted pistachio nuts during storage.
The results indicated that the gelatin-coated samples had
significantly higher instrumental hardness compared to the
other samples at both 20 and 35 °C. Additionally, the instru-
mental hardness of the control samples increased over time,
whereas the gelatin-coated samples showed a decreasing
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Fig. 4 Results of texture properties of chicken breast samples dur-
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trend. In the study of Rahnemoon et al., chicken samples
stored in alginate coating had a significantly higher hard-
ness value than control samples (Rahnemoon et al. 2018).
The hardness of meat texture increased as the amount of
water in the meat decreased. Mbaga et al. showed that the
texture of chicken meat softened after 10 days of storage at
4 °C (Mbaga et al. 2014). The highest adhesion values were
recorded at 1 day of storage for coated samples. Thereafter,
the adhesion rate decreased. On the contrary, some studies
found that adhesion increased in all samples during storage
(Rahnemoon et al. 2018). This could depend on the adhe-
sive and glazing properties of the different foods. Cohesive-
ness was approximately the same during the shelf-life of
all samples. Chewiness was significantly different between
coated and uncoated (control) samples after 30 days of stor-
age. According to the results, springiness was almost the
same during shelf-life of all samples.

Results of color characteristics of samples

Color indicators were examined in this study (Fig. 5). Color
characteristics are an important parameter that affects the
consumers’ assessment of product quality. The L-index
remained more or less stable during storage. The control
sample showed a slight reduction compared to the coated

B)

samples that showed no difference. The lowest L value was
recorded in the control sample at day 30 (68.2+0.1). The
addition of bacterial cells to the films can affect the passage
of light, probably due to increased light scattering (Kanmani
and Lim 2013). This finding is similar to that reported by
Soukoulis et al. (2014) that absorption of light by the films
can be due to a reduction of undesirable chemical reactions
such as lipid oxidation, which leads to a loss of nutritional
value.

Concerning the a-index, at the beginning of the trial, the
coated samples had the highest value compared to the con-
trol sample. During storage, the control sample showed an
increase in the level of the a-index, while samples 1 and 2
showed the opposite trend. Martins et al. (2012) reported
that the moisture content of the films may change the reflec-
tion of light on film surface (a-index values decrease), lead-
ing to a reduction in red color of the films. Regarding the
b-index, the control sample initially had the highest value
compared to the coated samples. During storage, the lat-
ter showed an increase in value, although it was still lower
than the control sample. No significant difference (p > 0.05)
was found between any of the treatments on any of the test
days. In general, the lowest value of this index was observed
in treatments 1 and 2 at day 1 (1.1940.1). The results of
AE study, which indicates the difference in color between
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Fig. 5 Results of color analysis during 45 days of storage at 4 °C. A-F shows the color analysis for L, A, B, Hue, Chroma and AE indices respec-
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the control and each of the treatments, showed that in all
samples this difference decreased during storage. Campani-
ello et al. (2020) evaluated the development of apple-based
carriers for B. animalis subsp. lactis DSM 10,140. They
showed that the probiotic remained viable during storage at
4 and 8 °C, but it led to an increase in browning index and
color deterioration. However, applying a coating (alginate-
or gelatin-based) mitigated this effect. They found that the
most significant impact on color (largest increase in Aa) was
observed in pieces coated with alginate and stored at 8 °C.

In another study (Pereira et al. 2018), it was reported
that the presence of an edible film (whey concentrate) with
Lactobacillus casei-01 or Bifidobacterium animalis Bb-12
had no significant effect on the color of chopped ham (*L,
*a, *b and AE). Color and light transfer properties are very
important in making edible films, as they directly affect
the appearance and acceptance of packaged or coated food
products. It should be noted that processing chicken breast
products involve processing operations that result in other
side streams such as feathers and bones that are often dis-
carded. Most of the feathers end up in landfills without fur-
ther use, and were associated with a risk of soil and water
pollution (Prasanthi et al. 2016). By prolonging the shelf
life of processed chicken breast will reduce the quantity
of wasted feathers as well. The utilization of feathers will
encourage the zero-waste concept and help to raise the
economic aspects since it is possible to use feathers for the
hydrolysis process in the production of products such as
hydrolysate or aspartic acid for commercial gain (Solcova
et al. 2021).

Concluding remarks

The study demonstrates that gelatin-based edible coatings
containing Lactobacillus plantarum and Bifidobacterium
bifidum are effective in preserving the quality and extending
the shelf life of refrigerated chicken breast. The conclusions
that can be drawn from the study are as follows:

e No growth of mesophilic aerobic bacteria, coliforms,
Salmonella spp., Staphylococcus aureus, Clostridium
perfringens, and molds and yeasts was detected in the
coated samples, indicating effective microbial control.

e The incorporated probiotics (L. plantarum and B. bifi-
dum) maintained high survival rates, decreasing only
slightly from 7.5 log cfu/g to about 6.0 log cfu/g over 45
days, suggesting their potential use as biopreservatives.

e Water activity remained stable with no significant dif-
ferences among treatments. The pH values slightly de-
creased over the storage period but showed no significant

@ Springer

difference between coated and uncoated samples after
45 days.

e The gelatin coatings with bacteria significantly reduced
lipid oxidation, particularly up to 30 days of storage,
helping to preserve meat quality by stabilizing antioxi-
dative properties.

e (Coated samples experienced less weight loss compared
to the control, demonstrating the coating’s effectiveness
in moisture retention during storage.

e Sensory evaluation showed that overall acceptance of
coated samples decreased slightly over time but was not
significantly different from the control by the end of the
storage period.

e The hardness of the meat increased during storage for all
samples, with the lowest increase observed in the sam-
ples coated with Treatment 2, indicating better texture
preservation.

e The L-index remained stable while the a-index and b-
index values varied, suggesting the coatings influenced
light scattering and helped maintain color stability of the
meat.

The current study on the effectiveness of gelatin-based edible
coatings containing Lactobacillus plantarum and Bifidobac-
terium bifidum in preserving the quality and extending the
shelf life of refrigerated chicken breast presents several lim-
itations. Firstly, the study’s duration was limited to 45 days,
which may not provide a comprehensive understanding of
the long-term effects and stability of the coatings. Future
research should explore longer storage periods to better
evaluate the coatings’ effectiveness over time. Additionally,
while the study focused on specific probiotic strains, it did
not investigate the potential benefits or differences that other
probiotic strains might offer. This could limit the generaliz-
ability of the findings to other potentially beneficial strains.
The study also did not explore other biopolymer materials
that might provide enhanced or complementary protective
properties compared to gelatin. Understanding the specific
mechanisms by which the coatings reduce lipid oxidation
and microbial growth was not deeply analyzed, which could
aid in optimizing formulation and application methods. In
future research, exploring other biopolymer materials for
coatings might provide improved or complementary pro-
tective properties compared to gelatin. It is also important
to research the specific mechanisms by which the coatings
reduce lipid oxidation and microbial growth to optimize
formulation and application methods. Evaluating the nutri-
tional impact of the coatings, particularly their potential to
provide additional health benefits such as enhanced probi-
otic intake, is crucial. Finally, performing cost-benefit anal-
yses will determine the economic feasibility of using these
coatings in commercial meat processing and distribution.
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