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INTRODUCTION

In recent years, natural strategies for improving food safety and quality
have received increasing attention [1]. In the context of food safety, clean-
label preservation strategies involve naturally derived or minimally processed
substances that provide microbial control without the use of synthetic chemical
additives, addressing consumer demand for safer food products [2,3]. Among
these, naturally derived microorganisms, particularly lactic acid bacteria
(LAB), have gained attention in the food industry [4].

LAB are essential in fermented foods, including dairy products, where they
contribute to preservation, flavor development, texture enhancement, and
overall product stability [5]. In cheese production, LAB play a key role not
only during fermentation and ripening, but also in maintaining product safety
by inhibiting undesirable microorganisms [6]. This effect is further supported
by the ability of some LAB species to exhibit antibacterial activity through
a combination of competitive growth and the production of antibacterial
compounds, such as organic acids and bacteriocins [7].

Cheese, as one of the most widely consumed dairy products, is a complex
matrix in which microbiological stability is essential for both quality and
safety [8,9]. It has been estimated that up to 20% of dairy products are lost or
wasted in Europe [10]. During storage, cheeses are particularly susceptible
to contamination by bacteria, mold, and yeast [11]. The growth of these
microorganisms causes a range of cheese defects, such as visual mycelial
growth, pigment formation, off-odors, and off-flavors, leading to economic
losses and potentially posing a risk to consumer health due to the production
of toxins or other harmful metabolites [12,13].

To address these challenges, edible coatings and films have received
attention, as they are made from thin layers of food-grade biopolymers that
can be directly applied to food surfaces, thereby supporting product safety
[14]. Their role is to extend shelf life by acting as barriers to oxidation,
gas exchange, and moisture loss while enabling the incorporation of
functional components [15,16]. In dairy products, edible coatings have been
explored as carriers for antioxidants, antimicrobials, flavor compounds, and
probiotics, allowing targeted control of microbial growth at the surface where
contamination primarily occurs [17,18].

When edible coatings are used as carriers for probiotics, they are also
relevant for the development of functional foods [14]. In cheese production,
probiotic adjunct cultures have gained increasing importance due to their
contribution to nutritional value and potential health benefits, promoting
the development of cheeses with probiotic properties [19]. However, while



probiotics are commonly incorporated directly into the cheese matrix, less
information is available on the behavior of additional protective potential
probiotic microorganisms applied through edible coatings.

Another challenge related to LAB-incorporated edible coatings is the
viability of probiotic LAB, as they are exposed to environmental stresses
when deposited on the surface of cheese, including oxygen, reduced moisture,
and temperature fluctuations [20,21], which may reduce viability during
digestion. Various technological solutions have been investigated to improve
the survival of probiotics, including the incorporation of prebiotics, such as
oligosaccharides and polyphenols [22], as well as the application of more
complex processing methods, including encapsulation [23].

Despite the growing body of research on LAB and edible coatings, most
studies focus on edible coatings that include supplementary protective
ingredients, such as essential oils, enzymes (lysozyme and bioactive
peptides), polysaccharides (chitosan), and microbial source-based metabolites
(bacteriocins and organic acids) [24,25]. As a result, limited information is
available on the effectiveness of edible coatings in which LAB function as the
main protective and probiotic component, especially in cheese. Furthermore,
the relationship between coating formulation, microbial behavior, interactions
between adjunct and coating-derived microorganisms, and product quality
during storage and digestion is still not well understood.

Aim of the Study:

To develop and evaluate the effects of an edible coating with incorpo-
rated protective, potential probiotic lactobacilli on the safety and quality of
Edam-type cheese.

Objectives:

1. To isolate lactobacilli with protective and probiotic properties from fer-
mented cow’s milk using an in vitro digestion model, and to identify,
characterize, and evaluate their safety and probiotic properties.

2. To cultivate selected protective, potential probiotic lactobacilli in vari-
ous dairy industry by-products and determine the most suitable medium
for their cultivation based on biomass yield.

3. To develop a protective edible coating from food industry by-products
and cultivated lactobacilli, and to evaluate its physicochemical proper-
ties.

4. To apply the protective edible coating to regular and probiotic Edam-ty-
pe cheeses and assess their safety and quality during ripening and sto-
rage.
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5. To investigate the effect of simulated gastrointestinal digestion on the
microbiota composition and protein digestibility of coated regular and
probiotic Edam-type cheeses during ripening.

Scientific novelty

The study is the first to apply the harmonized INFOGEST in vitro digestion
method before the initial stage of lactobacilli isolation from fermented cow’s
milk. This approach enabled early selection of strains with probiotic potential,
reducing the number of isolates subjected to further characterization.

The study demonstrates the dual utilization of dairy industry by-products,
liquid acid whey protein concentrate (LAWPC) and liquid acid whey permeate
(LAWP), for both lactobacilli cultivation and as structural components of
edible coatings, contributing to sustainable food processing.

Unlike most previous research, the developed edible coatings rely on
probiotic lactobacilli as the main antimicrobial and functional component,
without the need for additional protective additives.

The ability of L. paracasei to remain viable in cheese and after in vitro
digestion without encapsulation or added protective components represents a
novel finding and simplifies industrial application.

Furthermore, a comprehensive assessment was carried out, linking coating
formulation, microbial activity, cheese quality, and digestion results, providing
insight into the performance of probiotic coatings from cheese ripening and
storage to digestion.

Practical significance

This study provides relevant scientific and practical insights for both
researchers and dairy industry producers by advancing knowledge on the use
of LAB as the primary bioactive component in edible coatings. It expands
current understanding of the interactions between probiotic microorganisms,
coating matrices, and cheese microbiota during storage and simulated
gastrointestinal digestion.

From a technological perspective, the results demonstrate that edible
coatings incorporating protective, potential probiotic lactobacilli represent a
practical and scalable strategy to enhance cheese safety and quality without
the use of synthetic additives. The findings confirm the feasibility of replacing
conventional preservatives with LAB-based bioprotective systems, while
maintaining or improving product characteristics throughout ripening and
storage. In particular, the selected L. paracasei A11 strain can be successfully
incorporated into coatings without additional antimicrobial ingredients,
simplifying formulation and facilitating industrial application.

11



The study also highlights the potential of dairy industry by-products,
such as LAWPC and LAWP, as alternative raw materials for both probiotic
cultivation and edible coating production. This approach supports waste
reduction and valorization of low-value resources, contributing to circular
economy principles while reducing production costs.

Importantly, the application of LAB-based edible coatings offer a natural
solution aligned with clean-label trends, supporting the development of
functional dairy products that meet the expectations of modern, health-
conscious consumers. By effectively controlling spoilage microorganisms,
extending shelf life, and preserving sensory quality, such systems can help
reduce food losses and improve product sustainability.

Finally, the survival of probiotic bacteria during simulated digestion
indicates that these coatings can serve as a delivery system for beneficial
microorganisms, adding extra health value to commonly consumed foods.
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1. LITERATURE REVIEW

1.1. Functional role of LAB

LAB have historically played akey role in the production of fermented foods
and beverages, acting as natural agents for preservation, flavor development,
and nutritional improvement [4]. They are Gram-positive, non-spore-forming
microorganisms, typically occurring as rods or cocci, lacking catalase activity,
classified as facultative or obligate anaerobes, and are well adapted to survive in
low-pH environments [26]. LAB includes a diverse range of genera, including
Lactococcus, Leuconostoc, Pediococcus, Streptococcus, and others, including
Aerococcus, Alloiococcus, Carnobacterium, Dolosigranulum, Enterococcus,
Oenococcus, Tetragenococcus, Vagococcus, Weissella, and taxa formerly
classified within the genus Lactobacillus [27]. The genus Lactobacillus
was extensively reclassified based on whole-genome analysis, resulting in
the former genus being divided into 25 genera, including the revised genus
Lactobacillus and several newly proposed genera such as Lacticaseibacillus,
Lactiplantibacillus, Companilactobacillus, and Levilactobacillus, commonly
found in carbohydrate-rich environments [28,29].

LAB play a crucial role in the fermentation process by metabolizing
substrates to produce by-products with applications in the pharmaceutical,
chemical, and food industries [30—32]. Their significance is mostly associated
with their safe metabolic activity in foods, utilizing available sugar to
produce organic acids and other metabolites, including peptides, lactic acid,
exopolysaccharides (EPS), bacteriocins, and enzymes such as amylases,
proteases, and lipases [33-35]. Several of these metabolites contribute
to antimicrobial activity through disruption of microbial and fungal cell
membranes, thereby inhibiting spoilage and pathogenic microorganisms [30].
This natural preservation potential positions LAB as a sustainable alternative
to synthetic preservatives in various food systems. Numerous studies have
investigated the application of protective LAB in cheese, demonstrating their
efficacy in inhibiting pathogenic bacteria. For instance, Levilactobacillus
brevis, Lactiplantibacillus plantarum, and Enterococcus faecalis reduced
Listeria monocytogenes counts by up to 4 log , CFU/g in semi-hard cheese
[36]. Similarly, Lacticaseibacillus rhamnosus inhibited Staphylococcus
aureus and L. monocytogenes in semi-hard goat cheese [37], while Lacticasei-
bacillus paracasei, isolated from fermented milk, suppressed Bacillus cereus
and L. monocytogenes in model Cheddar-like cheese [38].

Additionally, LAB facilitates the breakdown of proteins and fats, generating
flavor precursors like free amino acids and fatty acids (FA), which further
improve the sensory profile of fermented products (such as kimchi, sauerkraut,
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plant-based milks, vinegar, fermented dough, and fermented dairy products
[39—41]. The latter consists of the largest fermented food group, including
yogurt, cheese, kefir, and fermented milk [42]. The fermentation of milk with
LAB not only enhances product stability and preserves its nutritional value
but also contributes to desirable sensory characteristics, making it a widely
adopted method in dairy processing [43]. These functional qualities make
LAB essential in modern food production, combining technological benefits
with enhanced safety and quality.

1.2. Selection and characterization of LAB for food use

In recent years, there has been an increase in screening of novel LAB
strains with targeted technological and functional attributes for use in the
food industry [44-46]. This screening usually involves a multistep, time-
consuming process [47,48], as no single assay can fully predict the performance
of a strain in food or under gastrointestinal conditions. Since LAB isolation
yields a large number of isolated strains, only a small fraction remains as
potential probiotics after successive selection steps [49]. These are strains
identified based on preliminary in vitro traits; however, such evidence alone is
insufficient to confer probiotic status, which requires confirmation of efficacy
in vivo, particularly in human studies, as emphasized by Food and Agriculture
Organization/World Health Organization (FAO/WHO) guidelines [50]. For
instance, four potential probiotic strains were selected from approximately
one hundred isolates from traditional Korean fermented foods [51], whereas
a similar number was identified from ninety-three isolates obtained from raw
and fermented milk of local animals in Saudi Arabia [52]. Therefore, there is
a clear need for strategies that allow early narrowing of the isolated bacterial
pool. In vitro digestion models are usually applied to assess the viability of
LAB under simulated gastrointestinal conditions, most often at later stages
of strain characterization [53—56]. In this context, applying in vitro digestion
directly to fermented foods containing diverse LAB populations may enable
early identification of potential probiotic strains before detailed safety,
technological, and probiotic characterization.

1.2.1. Safety assessment

Lactobacilli are one of the most well-known species of probiotic
microorganisms, widely recognized for their long history of consumption and
their status as “generally regarded as safe (GRAS)” [57,58]. However, recent
safety concerns have emphasized the need for comprehensive evaluation.
The FAO/WHO and European Food Safety Authority (EFSA) have provided
guidelines that emphasize that probiotic strains should be evaluated for
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potential adverse effects, including antibiotic resistance patterns, hemolytic
activity, toxigenicity, and pathogenicity [57,59,60].

Intrinsic resistance, in contrast to acquired, has a low potential for horizontal
gene transfer and is therefore not generally considered a safety concern for
non-pathogenic bacteria [61,62]. Most Lactobacillus species exhibit intrinsic
resistance to aminoglycosides (e.g., gentamicin, kanamycin, neomycin, and
streptomycin), as well as vancomycin, ciprofloxacin, and trimethoprim. In
contrast, they are generally susceptible to B-lactam antibiotics such as penicillin
and ampicillin, and to protein synthesis inhibitors including tetracycline,
erythromycin, chloramphenicol, and linezolid [63,64]. However, resistance
to chloramphenicol [65-67], clindamycin [64], and tetracycline [63,68,69]
has been reported in lactobacilli isolated from various sources, emphasizing
the importance of assessing antibiotic resistance in newly isolated LAB for
use in food.

Hemolytic activity is an important feature of many pathogenic bacteria, as
it allows them to access heme iron in vivo [70,71]. Because of that, bacteria
with hemolytic activity can damage intestinal epithelial cells, disrupt the
integrity of the mucosal barrier, and promote the invasion of pathogens
and other harmful compounds [72]. Although lactobacilli are generally
recognized as commensal microorganisms with beneficial effects on the host
[73,74], assessment of hemolytic activity remains a key step in evaluating
the safety of LAB strains, especially for probiotic applications [75]. Previous
studies have reported that LAB isolated from Korean fermented seafood [76],
artisanal Colombian double-cream cheese [77], traditional Indian fermented
foods [46], kimchi [67], goat milk [78] and camel milk [79] did not exhibit
hemolytic activity. However, contrasting findings have also been reported.
For example, B-hemolysis was observed in seven out of twenty LAB isolates
isolated from traditional North Sumatran foods [80], in two out of sixteen
isolates isolated from traditional Daqu [81], and among isolates isolated from
traditional Egyptian dairy products, where fourteen showed B-hemolysis and
nine showed a-hemolysis out of a total of 157 isolates [82].

1.2.2. Technological characterization

LAB can be used as a bioprotective culture to increase safety, extend shelf
life, improve texture, and contribute to better sensory profile of the final
product [7,83]. Therefore, technological characterization is an important step
in selecting LAB for incorporation into edible coatings, as it determines their
contribution to product quality.

The main technological function of LAB is to convert carbohydrates into
lactic acid, rapidly acidifying the food matrix [84]. In addition, LAB contribute
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to flavor and texture development through proteolysis and lipolysis, which
degrade proteins and fats, resulting in the release of peptides, amino acids, and
FA [85,86]. Furthermore, some LAB produce EPS, which improves rheology,
texture, viscosity, and colloidal stability of fermented foods [87—89].
Antimicrobial activity is another key technological trait. During fer-
mentation, LAB produce organic acids such as formic acid, lactic acid,
and acetic acid, which decrease the pH and thus inhibit the growth of
foodborne pathogens [90,91]. Also, LAB produce antimicrobial compounds,
including bacteriocins, which are characterized by high thermal stability
and resistance to both acidic and alkaline conditions, allowing them to
remain active in a wide range of environmental conditions [92]. An essential
attribute of bacteriocins is the antimicrobial activity against Gram-positive
bacteria by targeting the bacterial cell envelope [93,94]. Reported studies
have demonstrated that bacteriocin nisin A produced by Lactococcus lactis
inhibited L. monocytogenes [95], while novel bacteriocin (LSB1) produced
by Lactiplantibacillus disrupted the cell integrity of Streptococcus mutans
[96]. Similarly, a newly identified bacteriocin (BMPI11) produced by
Companilactobacillus crustorum has shown inhibitory activity against L.
monocytogenes [97] thus contributing to food preservation and safety.

1.2.3. Probiotic characteristics

The probiotic properties of LAB are assessed by their ability to survive,
persist, and exert beneficial effects in the gastrointestinal tract [98,99], with
minimum viable cell counts of approximately 6 log,  CFU/g generally required
to ensure efficacy according to FAO/WHO guidelines [ 100]. In particular, LAB
exert beneficial effects through various mechanisms, including strengthening
the intestinal barrier, inhibiting pathogens, maintaining the balance of intestinal
microbiota, producing antimicrobial compounds, and modulating the immune
system [101,102]. These effects have been demonstrated in several studies.
For example, probiotic supplementation with Lactobacillus acidophilus,
L. plantarum, and L. rhamnosus has been shown to promote colonization of the
intestinal tract and increase short-chain fatty acid (SCFA) production through
interactions with the gut microbiota [103]. Furthermore, L. plantarum and
L. acidophilus strains have been associated with modulation of microbiota
composition and immune function, supporting their role in maintaining host
health [104,105].

A suitable and efficient probiotic must fulfill several functional criteria,
such as resistance to low pH and bile salts [106], indicating the ability to
survive during passage through the stomach and small intestine [107].
Different studies have shown that selected strains, particularly L. acidophilus,
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Lactobacillus delbrueckii, L. brevis, and Latilactobacillus sakei can maintain
viability after exposure to simulated gastric and pancreatic fluids [108,109].

Additionally, adhesion to intestinal epithelial cells is another important
probiotic trait [110], as it promotes colonization capacity and prolongs
residence time in the gut [111,112]. This ability is related with cell surface
properties such as autoaggregation and hydrophobicity [113]. For instance,
mixtures of LAB strains have been shown to exhibit enhanced adhesion to
Caco-2 and HT-29 intestinal epithelial cells, indicating a synergistic effect
[114]. Moreover, a LAB strain, Lactobacillus sp. has been reported to reduce
the adhesion of Salmonella through antagonistic and competitive mechanisms,
supporting its probiotic potential [115].

Certain LAB strains produce proteolytic enzymes that can degrade milk
proteins, thereby reducing their allergenicity [116]. In addition, LAB can
improve lactose digestion by producing (-galactosidase, which hydrolyzes
lactose [117]. Therefore, individuals with lactose intolerance may tolerate
LAB-fermented products better, and in some cases, they may have a lower
allergenic potential [118]. These properties emphasize the importance of
selecting LAB strains with strong probiotic potential for functional food
applications.

1.3. Edible coatings and incorporation of LAB

Edible coatings are thin layers of edible materials applied to the surface
of food products to improve their shelf life by reducing moisture transfer,
gas exchange, and microbial contamination [119,120]. They have been
studied as an alternative to conventional plastic packaging and as carriers of
additives like antimicrobials and antioxidants to improve both functional and
physicochemical properties [121].

Edible coatings and films are based on polysaccharides, proteins, lipids or
composite [122]. Polysaccharide-based coatings, such as those derived from
starch, chitosan, cellulose, alginate, pectin, and their blends, are widely used
due to their good film-forming ability [123,124]. Such coatings generally
provide limited resistance to water vapor and low extensibility [125]. Lipid-
based edible coatings, including waxes, beeswax, parafilm, carnauba, and
oils, are known for their ability to maintain flexibility, hydrophobicity, and
cohesion, serving as an excellent barrier against moisture [ 126]. However, they
exhibit poor homogeneity and mechanical strength and are often brittle and
opaque [127]. For the preparation of functional edible coatings and films, the
most utilized proteins are casein, gelatin, wheat gluten, soy protein, and zein
[128]. These protein-based edible coatings can be incorporated into foods to
impart nutritional value, but the hydrophilic nature of proteins results in poor
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water barrier properties [129]. Composite coatings combining two or more
classes of materials are often developed to overcome the limitations of single-
component coatings. In general, combining materials with different properties
(e.g., hydrophilic and hydrophobic) allows the integration of molecules with
different attributes, resulting in coatings with improved functional properties
[130].

The circular economy approach, promoted by the European Union,
encourages the use of by-products from the food industry as sources of
biopolymers to form edible coatings and reduce waste [121]. Fruit and
vegetable by-products, including peels, seeds, pomace, and leaves, are rich
sources of biopolymers such as cellulose, starch, pectin, and plant proteins
suitable for forming edible coatings [131]. In addition to plant-based by-
products, the dairy industry produces large quantities of by-products such as
whey and acid whey. Acid whey, produced in large quantities during the acid
coagulation process of cheese production, has traditionally been considered a
low-value by-product. However, recent research has shown that acid whey is
a rich source of nutrients, including carbohydrates, proteins, isoflavones, and
micronutrients [132], and can be used as a coating material or as a component
in edible coating formulations. Studies have shown that whey proteins are
a promising material for the production of edible coatings due to their good
tensile strength, oxygen barrier properties, moderate elongation, and ability
to reduce moisture loss, thereby preserving the sensory properties of food
products [133]. When combined with plasticizers or other bioactive additives
(e.g., essential oils, antimicrobial agents, and LAB), low-cost whey protein-
based coatings can exhibit improved functional properties [134].

The functionality of edible coatings can be improved by the incorporation
of antimicrobial compounds, including plant extracts, essential oils, bacte-
riocins, low molecular weight peptides, enzymes, organic acids, and microbial
cultures [135]. In particular, LAB through the production of organic acids,
ethanol, FA, hydrogen peroxide, diacetyl, antifungal compounds, bacteriocins
(enterocin, pediocin, nisin, and lacticin) can act as biopreservatives and stop
the growth of undesired microorganisms [24]. Several authors reported
inhibitory effects of edible coatings with incorporated LAB against molds in
strawberries [136], Listeria innocua in blueberries [ 137], Staphylococcus spp.,
Pseudomonas spp., Enterobacteriaceae and fungi in sliced ham [138], and
L. monocytogenes in smoked salmon and fresh cheese [139,140]. Collectively,
the incorporation of LAB into edible coatings represents a promising natural
preservation strategy for enhancing food safety.

In addition to their antimicrobial role, the incorporation of LAB can
influence coating performance. While some studies reported that LAB
do not affect the physicochemical and mechanical properties of films or
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coatings [141,142], others have observed significant changes [143—145].
The composition of the edible coating matrix influences probiotic survival,
and conversely, the viability of incorporated probiotics can influence the
properties of the edible coating. Probiotic viability can be further enhanced
by incorporating prebiotics into coatings and films, which may also enhance
or plasticize their structure [146]. For example, the incorporation of
L. rhamnosus into mucilage-based edible films derived from quince, flax, and
basil improved moisture retention, thermal stability, elasticity, and probiotic
viability [147]. Similarly, the addition of Heyndrickxia coagulans (formerly
Bacillus coagulans) to pregelatinized starch-based films increased tensile
strength and enhanced probiotic viability [148]. These findings indicate that
interactions between LAB and coating components are formulation-dependent
features and should be considered when developing edible coating for LAB
incorporation to ensure functional performance and microbial viability.

1.3.1. Application of edible coatings on various food products

The effectiveness of edible coatings depends largely on the application
method, as it influences coating uniformity, thickness, adhesion, and barrier
properties [149]. Various application techniques have been described in the
literature, such as dipping, spraying, vacuum impregnation, brushing, foaming,
layer-by-layer deposition, fluidized bed coating, panning and dripping [150].
The selection of an application method depends on the properties of the food
product, the coating formulation, and the intended functionality.

Among these techniques, dipping is one of the most commonly used
methods for applying edible coatings. It involves immersion of the food
product in the coating solution for a defined period, followed by draining
and drying [151]. This method ensures complete surface coverage and is
therefore effective for a wide range of food products. Its limitations include
longer drying time and may result in thicker coating due to excess solution
[152,153]. Edible coating solution can also be sprayed to the surface of food
products using a spray nozzle [151]. This application technique enables
the development of a thin film with uniform thickness and reduces drying
time, as the sprayed solution evaporates directly from the surface [154].
The disadvantages of this application technique involves the risk of uneven
coverage and requires equipment [150]. Research, in which the aim was to
compare different coating application techniques on Mozzarella cheese, results
showed that spraying and electrostatic spraying led to thinner film thickness
whereas film structure were more homogeneous using dipping method [155].
Considering that dipping application techniques do not need any equipment
and can be feasible in laboratory and industrial scale by modifying edible
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coating solution viscosity to achieve lower thickness to obtain thinner films,
it is considered a simple and cost-effective coating method.

1.4. Effects of edible coatings on dairy products

The microbiological quality is a critical factor determining the safety of
dairy products [156], particularly cheeses with extended shelf life. Cheese
surfaces are highly susceptible to microbial contamination due to favorable
acidity conditions, high water activity (a ), and moisture content [157].
During prolonged storage, uncontrolled growth of spoilage and pathogenic
microorganisms on rennet cheeses can lead to quality deterioration, economic
losses, and potential safety concerns [158]. Therefore, effective control of
product quality and safety is important in cheese production.

Edible coatings have been investigated as a method to improve the
stability of dairy products by forming a protective layer on the surface of
the product [159,160]. In this context, when incorporating antimicrobial
components such as LAB, coatings may influence microbial populations in
two directions: reducing the undesirable microorganisms including spoilage
bacteria, yeasts, and molds, while simultaneously serving a carriers for
beneficial microorganisms such as incorporated LAB [24,161]. For instance,
whey-based antimicrobial coatings were reported to inhibit yeast and mold
growth, while maintaining the viability of incorporated L. paracasei and
L. rhamnosus until the end of the cheese ripening period [25].

Beyond microbiological effects, edible coatings can also influence
physicochemical and sensory attributes of coated dairy products. Researchers
have reported that immobilized probiotics in coated cheese enhanced
biochemical activity during ripening, leading to higher content of medium- and
long-chain free FA, acetaldehyde, and diacetyl than the control cheese [162].
Similarly, edible coatings containing B. animalis subsp. lactis effectively
reduced weight loss and maintained the softness and color characteristics of
the sliced processed cheese during storage [163]. Overall, it can be stated
that edible coatings with incorporated LAB can influence cheese quality and
safety due to both physicochemical and microbiological effects.

1.4.1. Control of spoilage and pathogenic microorganisms

Within the diverse microbial community, molds are ubiquitous contaminants
that can colonize cheese surfaces at any stage of production and contribute to
spoilage [164]. Mold populations in traditional cheeses are highly diverse and
vary greatly between cheese types; the predominant genera are Penicillium
and Mucor, while Cladosporium, Aspergillus and Fusarium are found less
frequently [165]. Most of these molds can grow at low temperatures, low a_,
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low pH, and low oxygen conditions [166]. Fungal species in dairy products
can cause spoilage, characterized by visible surface growth, off-flavors,
color and texture changes [167]. Furthermore, molds, such as Penicillium
and Aspergillus genera may produce mycotoxins including ochratoxin A,
cyclopiazonic acid and sterigmatocystin [164].

In addition to spoilage fungi, pathogenic bacteria represent a critical
safety concern in cheese production [168]. Foodborne pathogens commonly
associated with cheese include L. monocytogenes, characterized by
psychrotrophic nature, S. aureus, known for enterotoxin production and
osmotolerance, Shiga toxin-producing Escherichia coli, associated with
intestinal complications, and Sa/monella spp., which can cause gastroenteritis
[169]. Of these, L. monocytogenes is particularly important due to its ability
to persist and grow under refrigerated storage in cheeses [170]. Although
pathogenic bacteria are generally less prevalent than spoilage microorganisms
[18,167], their presence poses a risk to public health and requires effective
control during cheese ripening, storage, and distribution.

In response to these microbiological challenges, edible coatings have
been studied as surface treatments to reduce the growth and persistence of
spoilage fungi and pathogenic bacteria, while reducing the need for chemical
additives without affecting safety [25]. Bioprotective LAB cultures have
been studied and showed their inhibitory activity in cheese against pathogens
like B. cereus [38], L. monocytogenes [38,171], S. aureus [172,173], E. coli
[174], Brucella abortus [175], as well as fungal species such as Penicillium
commune, Mucor racemosus, Rhodotorula mucilaginosa [176], Penicillium
chrysogenum, and Aspergillus parasiticus [172]. Although LAB have been
widely studied in cheese and shown to enhance microbiological stability,
relatively few studies have focused on edible coatings where LAB are used
as the only antimicrobial agents against spoilage fungi and pathogenic
bacteria. Available research indicates that LAB-incorporated edible coatings
can inhibit specific microorganisms, including Penicillium nordicum [177],
Candida albicans [178], L. monocytogenes [140] in cheese, supporting the
relevance of LAB-based edible coatings for cheese safety.

1.4.2. Survival and persistence of probiotic LAB

The survival of probiotic LAB in cheese is essential for their technological
and functional effectiveness [179]. Cheese is considered a suitable carrier for
probiotic LAB due to its relatively high buffering capacity, dense protein and
fat matrix, compact structure, and nutrient-rich composition that can protect
bacterial cells during manufacturing and storage [180,181]. Nevertheless,
several studies have shown that the viability of probiotics in food products,
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including cheese, depends on multiple factors, including strain-specific
characteristics, cheese composition (pH, organic acid content, fat and moisture
content), storage conditions, and the method of probiotic incorporation [182—
184].

Various technological approaches, including microencapsulation, have
been investigated to improve the viability of probiotics in food [185]. The
main encapsulation processes for probiotics are freeze-drying, spray-drying,
ionic gelation, complex coacervation, electrospraying, and electrospinning
[186]. Encapsulation has been shown to increase the viability of encapsulated
probiotics through in vitro digestion [187]. However, the microencapsulation
phase of probiotics adds additional cost to food processing [188]. Therefore,
alternative approaches that are more cost-effective and technologically
efficient are of interest.

Edible coatings represent an alternative for delivering probiotic LAB to
the cheese surface. When LAB are incorporated into edible coatings, they
are applied to the surface of the product, where microbial interaction and
contamination primarily occur [ 189]. Specific cheese microbes are adapted to
arange of abiotic stresses, including fluctuations in pH, salinity, temperature,
and moisture, as well as biotic stresses such as microbial competition and
invasion resistance, both at the individual and community levels [190]. In
contrast, when LAB are deposited on the surface of cheese, they are exposed to
environmental stresses, including oxygen, reduced moisture, and temperature
fluctuations, which may reduce viability over time [20]. As a result, the use
of proper carriers, such as an edible coating, is necessary to support LAB
survival.

Survival in the gastrointestinal tract represents an additional challenge for
probiotic LAB [100]. Losses in bacterial viability commonly occur during
digestion due to gastric acidity and the presence of bile salts [191]. Previous
studies have shown that probiotic survival in edible coatings on cheese
surfaces and during simulated digestion was improved when edible coatings
were supplemented with prebiotics [192,193]. The use of prebiotics in the
edible coatings can improve the survival of probiotic bacteria by providing
nutritional support and protection against environmental stress [146].
Nevertheless, this strategy relies on additional functional ingredients, and
evidence on the survival of LAB in coatings without additional protective
ingredients remains limited.
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2. MATERIALS AND METHODS

2.1. Investigation venue and study design

The experiments were conducted between 2022 and 2026 at the Lithuanian
University of Health Sciences Veterinary Academy Department of Food Safety
and Quality, University of Minho, Centre of Biological Engineering, Latvia
University of Life Sciences and Technologies, Faculty of Food Technology,
Food Institute, BioCC OU Biocompetence Centre (Estonia), Norwegian
Institute of Food, Fisheries and Aquaculture Research (Nofima).

The overall structure of the study is presented in Fig. 2.1.1.

4 Phase 1 R 4 ) — [ Safety evaluation ]
ase 1.
Lo . . Isolation and
losllziior, lder?tlﬁ.canon - identification of - [ Technological characterization ]
and characterlgaFlon of lactobacilli
lactobacilli : — .
\ J \_ J - [ Evaluation of probiotic potential ]
4 N O N
Phase 2. Cultivation of — Development of edible coating solutions
L. paracasei A1l L. paracasei All in a
cultivation and edible bioreactor using dairy . . . .
coating development industry by-products | —> Characterization of edible coatings with
i ted L. paracasei A1l
/ \ / Incorporal
4 Phase 3. A 4 In.dus.trial-scal? N\ — [ Chemical, physical and microbiological analysis ]
Practical application of appllcatl.on Of_edlble
e — coating with - [ Sensory evaluation ]
coating with incorporated
incorporated L. paracasei A1l on
\__L.paracasei A1l __J \_ Edam-type cheese J - [ In vitro digestion and cheese microbiota analysis ]

Fig. 2.1.1. The design of the study

2.2. Materials

Fresh organic cow’s milk samples were collected from local organic farm
and fermented using traditional methods for the isolation of LAB.

The microorganisms used in the antibacterial activity study were
Listeria monocytogenes ATCC 35152, Staphylococcus aureus ATCC 9144,
Escherichia coli ATCC 8739, Pseudomonas aeruginosa NCTC 6750, Bacillus
cereus ATCC 11778, Salmonella Typhimurium ATCC 13311, Pseudomonas
Sfluorescens ATCC 13525, Brochothrix thermosphacta ATCC 11509, which
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were obtained from the laboratory collection of the Food Safety and Quality
Department at the Lithuanian University of Health Sciences.

The microorganisms used in the antifungal activity assessment were
yeasts Debaryomyces hansenii (BTL, M-31/Deb. 4 (T)), Yarrowia lipolytica
(BTL, M-48/C.6.1), Candida glabrata (BTL, 8B), Candida albicans (BTL,
M-7/C.17) and moulds Mucor racemosus (BTL, G-134/1064), Cladosporium
herbarum (BTL, G-86/KS-2/7), Penicillium commune ML 21-3, Aspergillus
versicolor (CBS 113090), which were obtained from the Nature Research
Centre, Institute of Botany, Vilnius, Lithuania.

LAWPC and LAWP were obtained from the Lithuanian dairy company
Pieno zvaigzdés.

The film-forming solutions were prepared using glycerol (99% purity) as
a plasticizer, Tween 80 as a surfactant, and sunflower (Helianthus annuus)
seed oil as the lipid component, all supplied by Sigma-Aldrich (Darmstadt,
Germany). Sugar beet pectin (54% degree of esterification), used as a
thickening and emulsifying agent, was obtained from Herbstreith & Fox
(Neuenbiirg, Germany).

Fresh cheese samples were collected from the Estonian cheese and butter
producer E-Piim.

2.3. Methods

2.3.1. Isolation and identification of LAB

Isolation of LAB. Fresh organic cow’s milk samples were fermented
at 37 °C for 96 hours and subsequently digested using the harmonized
INFOGEST in vitro digestion method, which is suitable for food [194].
This method was selected as a potential approach for isolating lactobacilli
with potential probiotic properties for incorporation into protective edible
coatings. The model mimics the oral, gastric, and small intestinal digestion
using simulated digestive fluids and enzymes, with standardized parameters.
All enzymes and bile were purchased from Sigma-Aldrich, St. Louis, USA.
Samples were subjected to the oral phase, and the digestion was performed in
duplicates per sample. An aliquot of the final small intestinal phase was plated
onto de Man, Rogosa and Sharpe (MRS) agar (Biolife, Milan, Italy), followed
by incubation at 37 °C anaerobically. After incubation, representative colonies
from each sample were selected and purified by several transfers on MRS
agar. Pure colonies were selected and subjected to Gram staining test. Gram-
positive LAB colonies were stored at —80 °C in MRS broth (Biolife, Milano,
Italy) in the presence of 30% glycerol until further analysis. Prior to further
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experiments, the strains were revitalized on MRS agar by growing for 48 h at
37 °C anaerobically.

Identification of lactobacilli strains. DNA was extracted using the GenElute
Bacterial Genomic DNA Kit (Sigma-Aldrich) according to the manufacturer’s
instructions for Gram-positive bacteria. The polymerase chain reaction (PCR)
assays were applied to identify Lactobacillus species. The primers used for
species identification are summarized in Table 2.3.1.1. The PCR primers
and conditions followed those previously described by Torriani et al. (2001)
[195], Ventura et al. (2003) [196] and Gaspar et al. (2019) [197].

PCR products were separated on a 2% agarose gel using a 100 bp DNA
ladder (Thermo Fisher Scientific, Vilnius, Lithuania) as the molecular weight
marker and visualized by ethidium bromide staining (Sigma-Aldrich).

Table 2.3.1.1. Primers usedin this study for Lactobacillus species identification

Primer Sequence (5°—3°) Size (bp) Reference
paraF GTCACAGGCATTACGAAAAC 107
pREV TCGGGATTACCAAACATCAC
pentF CAGTGGCGCGGTTGATATC )18 Torriani et al.
pREV TCGGGATTACCAAACATCAC (2001) [195]
planF CCGTTTATGCGGAACACCTA 318
pREV TCGGGATTACCAAACATCAC
RHA GCGTCAGGTTGGTGTTG 20
CPRR |CAANTGGATNGAACCTGGCTTT Ventura et al.
PAR F GACGGTTAAGATTGGTGAC 240 (2003) [196]
CPRR  |CAANTGGATNGAACCTGGCTTT
LfermF  |TAGGTGGTGGTGGTCACAGT 814
LfermR  |GCCCGGTGGTTAACCTTCAA
LacidF  |CGTGATAGGGCCATTTGTGC 646
LacidR |ACAAGCGTAAAACTGCGCTA
LreutF CCATGCAGTCACAACAACCT 186
LreutR GTCCCCGGTACATGTGTGAA Gaspar et al.
LecaseF | TGGCATTGTCGGCTTAAATGG 268 (2019) [197]
LcaseR | TGATGTTAAATGCTCAACCCGC
LgassF  |CAACGGAACCCCGCGACTATGC 219
LgassR ~ |GGCAGCATCTAAAACGCCAAGAC
LrhamF | ATTTAACCGCAAGTGGCAGC 124
LrhamR |AAATTGTGTGAACCGGCGTA
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2.3.2. Methods of evaluating safety characteristics of lactobacilli
strains

Antibiotic susceptibility. Following the manufacturer’s instructions,
Minimum Inhibitory Concentrations (MIC) Test Strips (Liofilchem, Roseto
degli Abruzzi, Italy) were used to measure antibiotic susceptibility on Mueller-
Hinton agar (Oxoid, Basingstoke, UK). The experiment was repeated using
Mueller-Hinton agar supplemented with 10% MRS agar (Biolife, Milan, Italy)
because certain strains did not grow on Mueller-Hinton agar. The antibiotics
tested included chloramphenicol, clindamycin, streptomycin, gentamicin,
tetracycline, erythromycin, ampicillin, vancomycin, and kanamycin. The
MIC reading scale was used to calculate the MIC, which was stated in pg/mL.
Isolates were designated as resistant and susceptible following the breakpoints
given by EFSA [198].

Hemolytic activity. Hemolytic activity of the tested strains was assessed
on blood agar plates that contained 5% sheep blood (E & O Laboratories
Ltd., Bonnybridge, UK). The measurements were performed after 48 h of
incubation at 37 °C and recorded as B-hemolysis, a-hemolysis and y-hemolysis
represented as clear zones, green zones, or no hemolysis around the colonies
[199].

Enzymatic activity. The enzymatic activity of each selected strain was
evaluated using the API ZYM kit (bioMérieux, Marcy-1’Etoile, France).
The assay was performed according to Kondrotiene et al. (2020) [200],
and the results were interpreted following the manufacturer’s guidelines.
Enzymatic activities were semi-quantitatively assessed based on the intensity
of color development, rated on a scale from 0 to 5. A score of 0 indicated no
activity, scores of 1 and 2 reflected weak activity (5 to <20 nmol of substrate
hydrolyzed), while scores from 3 to 5 represented strong enzymatic activity
(>20 nmol of substrate hydrolyzed).

2.3.3. Methods of evaluating technological aspects of L. paracasei A11

Extracellular proteolytic activity. Skim milk agar was used to evaluate the
extracellular proteolytic activity of the strain. A 2 pL aliquot of revitalized
culture was spotted onto skim milk agar containing 20% sterile skim milk and
80% water agar. After incubation at 30 °C for 4 days, the appearance of clear
zones around the colonies indicated proteolytic activity.

Caseinolytic and lipolytic activities. Caseinolytic and lipolytic activities
were assessed following the methods of Pisano et al. (2015) [201] with minor
modifications. Caseinolytic activity was evaluated on PCA (Liofilchem,
Roseto degli Abruzzi, Italy) supplemented with 10% sterile reconstituted
skim milk (Oxoid, Basingstoke, UK); after 18 h of incubation at 30 °C under
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anaerobic conditions, clear zones around the colonies indicated caseinolytic
activity. Lipolytic activity was tested on MRS agar (Biolife, Milan, Italy)
containing 0.01% calcium chloride (Sigma-Aldrich, Darmstadt, Germany)
and 0.1% Tween 80 (Liofilchem, Roseto degli Abruzzi, Italy), where lipolytic
colonies produced cloudy halos.

Acidifying activity. To assess acidification, UHT low-fat milk (1.5%) was
inoculated with 1% revitalized cultures, and pH values were recorded after 6
and 24 hours. Non-inoculated milk served as the control.

Carbohydrate metabolism. Carbohydrate fermentation profile of L.
paracasei All was evaluated using the API 50 CH test (BioMerieux,
Marcy-I’Etoile, France) and following manufacturer’s instructions. During
incubation, carbohydrates were fermented to organic acids, resulting in a
decrease in pH. This change was detected by a color shift of the indicator. The
results were interpreted as follows: strong fermentation (yellow), moderate
fermentation (green), weak fermentation (dark green), and no fermentation
(blue).

Antibacterial and antifungal activity of L. paracasei A11 strain. The agar
spot test was used to evaluate the antibacterial and antifungal activity of
Lacticaseibacillus paracasei A1l strain. The revitalized strain (3 plL) was
spotted onto the surface of MRS agar (Biolife, Milan, Italy) and incubated
anaerobically at 37 °C for 48 hours. After incubation, the plates were overlaid
with 7 mL of soft agar (0.7%) containing 100 pL of an indicator food spoilage
microorganisms or pathogenic bacteria suspension and further incubated for 24
hours aerobically at temperature optimal for the indicator strain. For antifungal
assessment, plates were overlaid with 5 mL SDA (Oxoid, Basingstoke, UK)
containing 10° mold spores or yeast cells per mL, followed by incubation for
24 hours aerobically under appropriate temperature for fungal growth. The
list of microorganisms used is provided in Table 2.3.3.1. The diameter of
the clear inhibition zone surrounding the tested strain colonies was used to
measure the antibacterial and antifungal activity.
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Table 2.3.3.1. Food spoilage microorganisms, pathogenic bacteria, molds,
and yeasts used in the study

Strains Grovs:th Incubation temperature
media (°C)
Debaryomyces hansenii (BTL, M-31/Deb. 4 (T)) SDA 25
Yarrowia lipolytica (BTL, M-48/C.6.1) SDA 25
Candida glabrata (BTL, 8B) SDA 25
Candida albicans (BTL, M-7/C.17) SDA 25
Mucor racemosus (BTL, G-134/1064) SDA 25
Cladosporium herbarum (BTL, G-86/KS-2/7) SDA 25
Penicillium commune ML 21-3 SDA 25
Aspergillus versicolor (CBS 113090) SDA 25
Listeria monocytogenes ATCC 7644 BHI 37
Staphylococcus aureus ATCC 25923 BHI 37
Escherichia coli ATCC 25922 BHI 37
Pseudomonas aeruginosa ATCC 27853 BHI 37
Bacillus cereus ATCC 11778 BHI 30
Salmonella Typhimurium ATCC 14028 BHI 37
Pseudomonas fluorescens ATCC 13525 BHI 30
Brochothrix thermosphacta ATCC 11509 BHI 25

ATCC — American Type Culture Collection; SDA — Sabouraud Dextrose Agar; BHI — Brain
Heart Infusion medium.

2.3.4. Assessment of L. paracasei A1l probiotic potential

Acid and bile salt resistance. For the acid tolerance assay, L. paracasei
A1l were incubated in MRS broth (Oxoid, Basingstoke, UK) at 37 °C for
18 hours. Subsequently, 1 mL of the culture was inoculated into 9 mL of
PBS (Biolife, Milan, Italy) (pH 2.5), adjusted with 5 M HCI, and incubated
at 37 °C. Viable cell counts were determined at 0 and 3 hours of incubation
by plating on MRS agar (Biolife, Milan, Italy). All assays were performed
in triplicate. For the bile salt tolerance assay, L. paracasei A11, which were
grown in MRS broth at 37 °C for 18 hours, were transferred (1 mL) into 9 mL
of MRS broth supplemented with 0.3%, 0.5%, and 1% (w/v) bile salts and
incubated at 37 °C. Viable counts were assessed at 0 and 24 hours on MRS
agar plates. Each experiment was conducted in triplicate [202].

2.3.5. Cultivation of L. paracasei A11 strain

L. paracasei All was cultivated in LAWPC, LAWP, and MRS broth
(Oxoid, Basingstoke, UK) as control. The strain was grown in flasks and
in real-time bioreactor (RTS-1C, Biosan, Riga, Latvia) to evaluate biomass
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yield and growth kinetics, with cell growth monitored in real time following
the manufacturer’s instructions. The strain was initially cultured on MRS
agar at 37 °C for 48 hours under anaerobic conditions. LAWPC and LAWP
media were pasteurized at 93-95 °C for 10 minutes. After cooling to 37 °C,
29 mL of each medium and 1 mL of an L. paracasei A11 suspension (adjusted
to 1 McFarland unit) were placed in 30 mL TubeSpin vessels. The cultures
were incubated in a bioreactor at 37 °C for 96 hours under aerobic conditions.
Optical density at 600 nm was recorded every 10 minutes at 110 rpm, and
the growth rate was calculated automatically. After the cultivation in flasks,
the number of viable bacteria was determined by plating on MRS agar and
incubating anaerobically at 37 °C for 0, 24, and 48 hours.

The pH of each sample was measured directly with a pH meter (Sartorius
Professional meter for pH Measurement, Germany).

Analysis of sugar content in dairy by-products following cultivation of
L. paracasei All. The sugar content in the fermentates was analyzed in
triplicate using liquid chromatography for specific sugars according to ISO
22184:2021 [203], and an enzymatic method to determine lactic acid and
lactate levels according to ISO 8069:2005 [204].

2.3.6. The preparation of edible coatings

The development of edible coatings solutions. Four different coating solu-
tions are presented in Table 2.3.6.1. The dry components (sugar beet pectin,
Tween 80, sunflower oil, and glycerol) were dissolved in 50% of LAWPC or
LAWP required in the recipe to prepare the stock coating solution. The mixtu-
re was agitated for 3 min at 10,000 rpm, thermally processed for 10 min at 93
to 95 °C in a water bath and then cooled to 35 °C. The strain L. paracasei A1l
was cultivated in the portion of pasteurized LAWPC. The LAWPC cultivate
containing 8.3 log , CFU/g were added to the stock solution and thoroughly
mixed to incorporate the strain into the experimental film-forming solutions
at a final concentration of approximately 7 log , CFU/g which were measu-
red using a photometer (DEN-600, Biosan, Riga, Latvia). The stock solution
was supplemented with half of the required LAWPC amount, excluding the
strains to produce control film-forming solutions.

29



Table 2.3.6.1. The composition of four different coating solutions

LAWP LAWPC

Coating Pectin | Sunflower | Glycerol |Tween 80| (% w/w (% wiw

formulations | (% w/w) | oil (% v/v) | (% vIV) | (% VIV) of total of total

solution) solution)
LAWPC (C) 2 - 90.8
LAWPC+L.p ) 2 5 02 90.8
LAWP (C) 1 50 41.8
LAWP+L.p 1 50 41.8

LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; C —
control; L. p — Lacticaseibacillus paracasei A11.

The preparation of edible films. Films were prepared by pouring 28 mL of
the film-forming solution into 150-mm Petri dishes and drying them at 37 °C
and 50% + 5% relative humidity for 12 hours. The dried films were then
stored for 21 days under refrigeration (4 £ 1 °C) to evaluate the survival of
L. paracasei A11. The appearance of the coating solutions and the obtained
dried films is presented in Fig. 2.3.6.1.

(a) (b)
Fig. 2.3.6.1. Edible coating solutions (a) and dried edible films (b)

2.3.7. Characterization of edible coating solutions and their films

The rheological measurements were conducted according to Vieira et
al. (2021) [205] method. The rheological properties of the film-forming
solutions were measured using an AR1500ex rheometer (TA Instruments,
USA) equipped with a stainless-steel cone-plate geometry (6.0 cm diameter,
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2° angle, 67 um truncation). All measurements were performed at 25 °C.
Flow curves were obtained across a range of shear stresses using an up-down-
up step program, covering a shear rate from 0 to 300 s™'. The experimental
data were fitted to the Newtonian (Eq. (1)) and power-law (Eq. (2)) models to
characterize the rheological behavior of the film-forming solutions.

o=nxy (1

o=kxy" (2)

where ¢ is the shear stress (Pa), # is the viscosity (Pa.s), k is the consistency
index (Pa.s"), y" is the shear rate (s™') and # is the flow index.

The color of the film samples was evaluated using a Minolta CR-400
colorimeter (Konica Minolta, Japan) following the CIE 1976 L*, a*, b* color
system. In this method, the L* value represents lightness (ranging from 0 for
black to 100 for white), a* indicates the red-yellow axis, and b* the blue-green
axis. A white standard plate (L* = 97.6, a* = 0.01, b* = 1.60) was used as the
background during measurements. Color measurements were performed in
triplicate per film sample.

Film opacity was assessed using the Hunter Lab method. Opacity
measurements were performed in triplicate for each film and calculated
according to Equation (3):

Opacity(%)=(Y, /Y, )x100 3)

where Y, and Y, were the opacity of the samples on black and white standard
plates, respectively [206].

A handheld digital micrometer (Mitutoyo, Japan) with a sensitivity of
0.001 mm was employed to measure the films’ thickness. For each sample,
ten thickness measurements were made at several randomly chosen locations.
The mean results were then used to calculate other film features, such as
mechanical and barrier properties.

Mechanical attributes: tensile strength (TS) and elongation-at-break (EAB).
An Instron Universal Testing Machine (Model 4500, Instron Corporation,
USA) was used to measure TS and EAB in accordance with ASTM Standard
Method D 882-91 guidelines. The initial grip separation was set at 30 mm, and
the crosshead speed was set at 5 mm/min. TS was calculated and expressed
in MPa by dividing the maximum load (N) by the initial cross-sectional area
(m2) of the sample. By dividing the length of the extended specimen by its
initial length (30 mm), EAB was calculated as a percentage. Five duplicates
of the TS and EAB tests were conducted for all types of film.
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The films were assessed for moisture content and water solubility in
accordance with Ortiz de Elguea-Culebras et al. (2019) [207]. Gravimetric
analysis based on weight differences was used to determine the moisture
content. Film circles with a diameter of 2 cm were weighed first, dried for
24 hours at 105 °C, and then weighed once again to determine the moisture
content. Equation (4) was used to determine the moisture content of each film
in triplicate, as shown below:

Moisture content (%) = ((MO -M)/M, ) x100 (4)

where M, and M were the film sample mass before and after drying,
respectively. To determine the water solubility, the dried film samples were
placed in beakers with 50 mL of distilled water and agitated for 24 hours at
150 rpm. The insolubilized films were then weighed, dried for 24 hours at
105 °C, and their solubility was assessed in triplicate using equation (5):

Solubility (%) = ((S, = S)/ S, )x100 (5)

where S was the film’s initial dry mass and S represented the film insoluble
dry mass.

The ability of water to permeate the film was measured using gravimetric
analysis in accordance with the Standard Test Methods for Water Vapor
Transmission of Materials (ASTM E96/E96M-16, 2016). To increase air
uniformity, desiccated film circles (45 mm in diameter) were placed inside a
silica gel-filled desiccator with a fan after being sealed on top of cups filled
with distilled water. To track weight loss, samples were weighed every two
hours for ten hours. Water vapor permeability (WVP) (g s' m™! Pa™') was
measured in triplicate for each film sample and calculated using equation (6):

WVP=(WVTRxL)/ AP (6)

The linear regression of the weight loss (g m™? s™') yielded the following
values: WVTR is the water vapor transmission rate, L is the film thickness
(m), and AP is the water vapor partial pressure difference across the two sides
of the film (2,337 Pa). It was determined that the area of the permeation film
was 5.2 x 107 m2,

The morphology of the prepared film samples was examined using scanning
electron microscopy (SEM) with a “Mira3” Scanning Electron Microscope
(Tescan Orsay Holding, a. s., Brno-Kohoutovice, Czech Republic). The
films were manually cut into small pieces measuring 0.4 cm % 0.4 cm using
a surgical blade and mounted onto a 51 mm silicon wafer (MicrotoNano,
Haarlem, Netherlands). Silicon was chosen as the substrate due to the organic
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composition of the samples, predominantly containing carbon, hydrogen,
oxygen, and nitrogen (CHON), which helps improve the signal-to-noise ratio
and minimizes interference from other elements. Observations were performed
in high vacuum mode using a combination of Back-Scattered Electron (BSE)
and Secondary Electron (SE) detectors. Film samples were analyzed at
magnifications up to 1.0 kx for accurate dimensional and elemental analysis,
with the electron beam operated at an acceleration voltage of 5 kV.

Elemental composition of the film samples was determined using Energy-
Dispersive X-Ray Spectroscopy (EDS) with an energy-dispersive X-ray
spectrometer equipped with an INCA x-act LN2-free Analytical Silicon
Drift Detector with PentaFET® Precision (Oxford Instruments Inc., Bognor
Regis, UK). Measurements were taken at a 15 mm working distance to collect
energy spectra. Elemental mapping was performed on selected film areas
(0.7 x 0.7 mm) to assess the spatial distribution of elements.

The viable counts of LAB in the coating solutions and films were assessed
in triplicate using selective media. Measurements were taken on days 0
and 1 for the coating solutions, and on days 0, 1, 3, 7, 14, and 21 for the
films during storage. Total mesophilic LAB were enumerated following the
ISO 15214:1998 [208].

2.3.8. Industrial-scale application of edible coatings on Edam-type
cheese

Surface application of edible coatings on Edam-type cheese was carried out
based on our previous research, with some modifications [209]. Two types of
unripened Edam-type cheese blocks (regular Edam-type cheese as the control,
and probiotic cheese containing Lactiplantibacillus plantarum Tensia (DSM
21380) as an adjunct culture) were cut into uniform pieces weighing 100 +
5 g in a sterile, controlled airflow box. Six sets of cheese samples were
prepared in triplicate: regular cheese control (no coating), regular cheese
with plain LAWPC coating, regular cheese with LAWPC coating containing
L. paracasei A11, probiotic cheese control (no coating), probiotic cheese with
plain LAWPC coating, and probiotic cheese with LAWPC coating containing
L. paracasei All. The pre-cut cheese pieces were immersed in the coating
solution, allowed to dry for one hour, and then vacuum-packed in bags. The
appearance of coated cheese samples during the drying stage is shown in
Fig. 2.3.8.1. The bags were sealed using a vacuum sealer (Status d.o.o.,
Metlika, Slovenia). The samples were stored in a ripening chamber at 12 °C
at 80% relative humidity (¢) for 45 days, followed by refrigeration at 4 °C for
an additional 90 days. Because different milk batches were used, regular and
probiotic cheeses were analyzed and interpreted independently, and no direct
statistical comparison was made between them.
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Fig. 2.3.8.1. Edam-type cheese samples during drying after coating
application

The pH was determined at room temperature using a calibrated benchtop
Mettler Toledo JENWAY3510 pH meter (Barloworld Scientific Ltd., Essex,
UK). A 10 g cheese sample was homogenized with 30 mL of distilled water
(Lawson Scientific, Ningbo, China) and analyzed immediately.

A, was determined using a LabSwift-aw water activity meter (Novasina
AG, Lachen, Switzerland). The cheese was ground and promptly placed onto
a measurement plate for analysis.

Dry matter (DM) content determination in samples was performed
according to prescribed method ISO 5534:2004 [210].

The color of cheese samples was measured using a using a Minolta
CR-400 colorimeter (Konica Minolta CR-400, Osaka, Japan) and expressed
in CIE L*a*b* color coordinates, as well as total color difference (TCD,
AE). L* represents lightness (0 = black, 100 = white), a* represents redness—
greenness, and b* represents yellowness—blueness. Measurements were taken
in triplicate, and AE was calculated using the following equation: [211]:

AE* = \/(L*—LO ) +(a*—a,) +(b*~h,) 7)
where L, a, and b are the initial lightness, redness and yellowness, respec-

tively; L*, a* and b* are the lightness, redness and yellowness at time ¢,
respectively.
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Microbiological analysis was conducted in triplicate to determine the
viable counts of microorganisms typically present in this type of cheese.
Samples were analyzed on days 1, 45, and 135 of storage using selective
media for each microorganism. The microbial counts were measured both
on the surface (log,, CFU/g) and inside (log,, CFU/g) the cheese sample.
The surface area of the samples was measured; total area was calculated and
swabbed. Enumeration followed standardized methods: total bacteria count
(TBC) according to ISO 4833-1:2013 [212], total mesophilic LAB count
according to ISO 15214:1998 [208], enterobacteria count according to ISO
21528-2:2017 [213], and yeast and mold count according to ISO 6611:2004
[214]. Samples from the surface and from the cheese matrix were collected
according to ISO 18593:2018 [215].

To evaluate the concentrations of FA in cheese samples, one gram of cheese
was mixed in 2 mL of type III water and homogenized. The sample was kept
at room temperature for 1 hour during occasional shaking, centrifuged for
6 min at 4000 x g at room temperature. To 1 mL of supernatant 100 uL of 0.6 M
oxalic acid solution was added to the supernatant, shaken and centrifuged.
FA were determined by gas chromatograph Agilent 6890A, capillary column
CP-Wax 52 CB (30 m x 0.25 mm, 0.25 um), flame ionization detector at
280 °C. The oven temperature program was 175 °C 1 min, increased by
10 °C/min to 115 °C, and held for 3 min, increased by 20 °C/min to 190 °C,
and held for 5 min. Each FA was expressed in g/100 g of total FA content.

FA were classified according to chain saturation and number of double
bonds into saturated fatty acids (SFA), monounsaturated fatty acids (MUFA),
polyunsaturated fatty acids (PUFA), unsaturated fatty acids (UFA), long-
chain fatty acids (LCFA), medium-chain fatty acids (MCFA), short-chain
fatty acids (SCFA), omega-6 polyunsaturated fatty acids (omega-6), omega-3
polyunsaturated fatty acids (omega-3), and trans FA. Lipid quality indices
(LQI) related to atherogenicity, thrombogenicity, hypocholesterolemic and
hypercholesterolemic ratio (h/H), and desirable FA content were calculated
as described by [216,217] using provided equations:

(C12:0+(4xC14:0)+Cl16:0)
(PUFA+MUFA)

Index of atherogenicity (AI) = ()

Index of thrombogenicity (T 1 ) =

(C12:0+C16:0+C18:0) )
(0.5xMUFA)+(0.5xn6 PUFA)+(3xn3PUFA)+(n3PUFA/ n6 PUFA)
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(C18:1+ PUFA)
h/H = (10)
(C14:0+C16:0)

Desirable fatty acids (DFA)=UFA+C18:0 (11)

Following cheese ripening (day 45), sensory analysis was carried out.
Seven trained panel members (of both sexes, aged 20 to 50) participated in
the evaluation, which was conducted in a sensory room. The panelists were
chosen and instructed in accordance with ISO 8586:2023 [218]. Samples were
served at room temperature and coded with three-digit randomized numbers
prior to evaluation. The panel members were randomly given identical plastic
plates containing six 2 x 2 cm blocks of cheese. With a maximum score of
100 points, the sensory evaluation scorecard, which was based on Bodyfelt et
al. (1988) [219], gave 50 points for flavor, 40 points for body and texture, and
10 points for appearance.

2.3.9. In vitro digestion of cheese samples

To evaluate the survival of the cheese-associated bacteria (total LAB, L.
paracaseiAll and L. plantarum Tensia) during digestion, the same INFOGEST
in vitro digestion method, as previously described, was employed in this
experiment. The cheeses were grinded before subjected to the oral phase, and
the digestion was performed in duplicates per cheese type, including blank
control without cheese. An aliquot of the final small intestinal phase was plated
onto MRS agar (pH 5.7) and MRS agar with mannitol instead of glucose (pH
5.7), followed by incubation at 30 °C anaerobically. MRS with mannitol was
used to support growth of L. paracasei instead of the dominating lactococci,
however, L. paracasei was still difficult to exactly enumerate on these agar
plates due to other LAB. Verification of L. paracasei positive colonies was
obtained with a Bruker MALDI-TOF MS. As a comparison, enumeration of
the LAB in the cheese before digestion was determined in a similar manner
but was prior to agar plating homogenized in buffered peptone water.

Protein digestibility of the cheeses was evaluated after cheese ripening
(day 45) and completion of the intestinal phase, after which the enzymes were
heat-inactivated in boiling water for 10 minutes, followed by separation into
supernatant and pellet with centrifugation at 4000 rpm for 10 minutes. Protein
concentration of the cheeses and after digestion (supernatant and pellet) was
determined by the Dumas method, involving combustion of the samples with
a Vario EL cube (Elementar), and described by Rieder et al. (2021) [220].
The supernatant from the intestinal phase was analyzed by size exclusion
chromatography (SEC) to determine peptide size distribution as previously
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described Wubshet et al. (2017) [221]. Calculation of protein digestibility
was done as described by Rieder et al. (2021) [220], which was estimated
based on the relative proportion of absorbable (soluble) small peptides from
the total protein. In detail, the equation (8) includes both function of protein
solubility (soluble/total protein) and extent of protein break (small peptides as
SEC area 9.4 to 15 min/all peptides as SEC area 5 to 15 min):

% Digestibility, (Dg ) (%) =

_ Soluble protein y SEC area9.4t0 15 n?ln <100 (12)
Total protein ~ SEC area5 to 15 min

Cheese microbiota was analyzed in cheese samples before digestion to
assess the effects of time (D1-D45), coating, and L. paracasei A1l on both
regular and probiotic cheese microbiota, and to determine the presence of
L. paracasei and L. plantarum. Bacterial DNA was extracted from pellets
obtained from the cheese homogenized in buffered peptone water using
DNeasy Power Soil 96 Pro Kit (Qiagen), following the manufacturer’s
protocol. The microbiota was analyzed by 16S rRNA amplicon sequencing
(2 x 150 bp) targeting the V4 region, as described by Caporaso et al. (2012)
[222]. The sequencing was done on a MiSeq (Illumina) using pooled PCR
samples, which were based on triplicate PCRs per DNA sample using
sample-specific barcoded forward primers. PhiX Control v3 was included
and accounted for 10% of the reads.

Data processing of the sequencing reads was performed using the open-
source bioinformatics pipeline Quantitative Insight into Microbial Ecology 2
(QIIME2) version2023.5 [223]. Briefly, the sequences were demultiplexed and
paired ends joined, quality filtered and denoised using dada2, and taxonomy
was determined using the Greengenes2 2022.10 [224] database, where each
unique taxonomic feature represents an amplicon sequence variant (ASV).
Beta diversity was performed for overall microbial community comparison,
where PCoA from weighted unifrac was presented. Fasta sequences per
unique taxonomic feature were extracted from QIIME?2, as well as taxonomic
summary tables. Overall, taxonomic summary table at genus level was used
to present taxonomic data. Fasta sequences and corresponding ASV’s likely
represent Lacticaseibacillus paracasei and Lactiplantibacillus plantarum
were identified, with the feature ID’s and fasta sequence. Searched against
the NCBI blastl16S rRNA ribosomal database (high similarity sequence)
showed 100% identical sequences to Lacticaseibacillus paracasei and
Lactiplantibacillus plantarum.
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2.3.10. Statistical analysis

The SPSS statistical software was used for all data processing and analysis
(SPSS 24, SPSS Inc., Armonk, NY, USA). Descriptive statistics were obtained
using Explore. Depending on the experimental design, one-way or two-way
analysis of variance (ANOVA) was applied to evaluate the effects of treatment
factors and storage time, followed by Tukey’s post hoc test. Paired #-tests
were used for dependent measurements, and Pearson correlation analysis
was performed where appropriate. The results were considered statistically
significant at p < 0.05.

Microbiome sequencing data were analyzed in Python (version 3.12)
using the libraries pandas, NumPy, scikit-bio, scikit-learn, and matplotlib.
Differences in overall bacterial community structure were evaluated using
permutational multivariate analysis of variance (PERMANOVA) based
on Bray—Curtis dissimilarity. Pairwise PERMANOVA comparisons were
performed to assess differences between treatment groups within sampling
days. Differences in the relative abundance of individual genera were analyzed
using the Kruskal-Wallis test.
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3. RESULTS

3.1. Isolation and identification of Lactobacillus strains

Local fresh organic cow’s milk was fermented and subsequently digested
in vitro using the INFOGEST protocol to isolate acid-tolerant, antimicrobial,
potential probiotic Lactobacillus strains that could be used in edible acid
whey-based coatings. As shown in Table 3.1.1, 20 samples were processed,
from which 22 colonies were grown and subjected to further analysis. Of these,
12 colonies (55%) exhibited characteristics typical of Lactobacillus, and 4
colonies (18%) were confirmed as Lactobacillus spp. (3 — Lacticaseibacillus
paracasei, 1 — Lactiplantibacillus plantarum) by molecular identification.

Table 3.1.1. Isolation of Lactobacillus strains from in vitro digested fermented
cow milk

Number Number of | Number of colonies | Number of colonies
Sample name of samples colonies | with Lactobacillus identified as
grown phenotype (%) | Lactobacillus spp. (%)
In vitro digested
fermented cow 20 22 12 (55) 4 (18)
milk

3.2. Safety evaluation of isolated Lactobacillus strains

All isolated lactobacilli were assessed for hemolytic activity (Table 3.2.1),
and each showed y-hemolysis, meaning no breakdown of red blood cells.
This is the pattern expected from safe, food-grade strains, since bacteria with
a- or B-hemolytic activity are considered undesirable and unsuitable for use
in foods [225,226].

Antibiotic resistance screening is essential for LAB isolates, as these
bacteria may transfer resistance genes to pathogenic species. To manage
this risk, EFSA (2012) established antibiotic cut-off values for various
LAB, indicating the highest antibiotic concentration at which a strain should
remain susceptible [198]. If a strain is able to grow above this threshold, it is
classified as resistant. In the present study, all tested strains were sensitive to
ampicillin, erythromycin, clindamycin, streptomycin, gentamicin, kanamycin,
and tetracycline. In contrast, all strains demonstrated intrinsic resistance to
vancomycin (>256 pg/mL). Additionally, two of the four isolates exceeded the
cut-off values for chloramphenicol. Only L. paracasei A11 and L. plantarum
A154-d1 remained within the acceptable range and were therefore selected
for further investigation.

39



Table 3.2.1. Hemolysis and antibiotic susceptibility (MIC, ug/mL) of Lacto-
bacillus strains

Isolate
L. paracasei L. paracasei L. paracasei L. plantarum

A161-1 All A173-2 A154-d1
Hemolysis Y Y Y Y
Ampicillin 1(4) 0,75 (4) 0,75 (4) 0,125 (2)
Erythromycin 0,19 (1) 0,19 (1) 0,25 (1) 0,25 (1)
Clindamycin 0,50 (1) 0,64 (1) 0,75 (1) 0,75 (2)
Chloramphenicol 6 (4) 4(4) 8 (4) 6 (8)
Streptomycin 24 (64) 12 (64) 24 (64) 8 (n.r.)
Gentamycin 4(32) 6 (32) 6 (32) 3 (16)
Kanamycin 64 (64) 24 (64) 48 (64) 12 (64)
Vancomycin >256 (n.1.) >256 (n.r.) >256 (n.1.) >256 (n.1.)
Tetracycline 0,5 (4) 0,5 4) 0,75 (4) 4(32)

n. r. not required. Values above the breakpoint, that are indicated in parentheses, provided by
EFSA.

Bacterial strains in the large intestine, including some lactobacilli, that show
high B-glucuronidase or B-glucosidase activity may have negative effect in
the colon [227,228]. To test the enzymatic activity of lactobacilli isolates API
ZYM kit was used, and the results are presented in Table 3.2.2. Neither of the
two tested lactobacilli exhibited enzymatic activity of alkaline phosphatase,
lipase, trypsin, o-galactosidase, [-glucuronidase, o-mannosidase and
a-fucosidase. In contrast, both isolates showed strong enzymatic reactions of
leucine arylamidase and valine arylamidase. L. paracasei A11 also displayed
a strong activity of a-glucosidase, whereas L. plantarum A154-d1 showed a
strong B-glucosidase activity therefore, it was not used in further studies.

Table 3.2.2. Enzymatic activity of selected strains

Enzyme Lactobacilli isolates
L. paracasei A1l L. plantarum A154-d1
Alkaline phosphatase 0 0
Esterase (C4) 2 0
Esterase lipase (C8) 1 0
Lipase (C14) 0 0
Leucine arylamidase 5 4
Valine arylamidase 5 3
Cystine arylamidase 1 0
Trypsin 0 0
a-chymotrypsin 1 0
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Table 3.2.2 cont.

Lactobacilli isolates

L. paracasei A1l L. plantarum A154-d1
Acid phosphatase 2
Naphthol-AS-BI phosphohydrolase
a-galactosidase

B-galactosidase

B-glucuronidase

a-glucosidase

B-glucosidase

Enzyme

N-Acetyl-B-glucosaminidase
o-mannosidase
o-fucosidase

SO ||| |O|W
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S
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reaction grade 0 on the API-ZYM test scale was interpreted to correspond to a negative re-
action, grades 1 and 2 corresponded to a weak reaction, grades 3, 4 and 5 corresponded to a
strong reaction.

3.3. Technological aspects of L. paracasei A1l

The primary technological properties of L. paracasei A11 were examined
to determine the potential of the isolated strains for application in the dairy
industry (Table 3.3.1). L. paracasei A11 showed positive caseinolytic activity,
indicating its ability to hydrolyze milk proteins (casein) into smaller peptides
and amino acids [229], while no extracellular proteolytic or lipolytic activity
was detected. The strain exhibited moderate acidifying activity after 6 h
and moderate-to-high acidifying activity after 24 h, decreasing the pH by
1.48 £0.01 and 2.46 =+ 0.01 units, respectively.

Table 3.3.1. Technological characteristics of L. paracasei A1l

Strain Extracellular | Caseinolytic | Lipolytic | Acidifying activity
proteolytic activity | activity activity | pH (6 h) | pH (24 h)
L. paracasei A11 - + - 1.48 £0.01|2.46 £0.01

values presented are means of three replicates + SD.

Another important technological aspect, the carbohydrate fermentation
profile of L. paracasei All revealed a selective ability to utilize a range
of carbohydrates (Table 3.3.2). The strain showed positive fermentation
of several monosaccharides, including D-ribose, galactose, glucose,
fructose, mannose, and mannitol. Among disaccharides, positive reactions
were observed for cellobiose, maltose, lactose, and trehalose. In addition,
L. paracasei A1l was able to ferment the trisaccharide melezitose. Positive
reactions were also detected for the glycosides esculin and salicin.
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Table 3.3.2. Carbohydrate fermentation profile of L. paracasei A1l

Carbohydrate L. paracasei A11 Carbohydrate L. paracasei A1l
0 |Control - 25 |Esculin +
1 | Glycerol - 26 |Salicin +
2 | Erythritol - 27 |Cellobiose +
3 | D-Arabinose - 28 |Maltose +
4 | L-Arabinose - 29 |Lactose +
5 |D-Ribose + 30 |Melibiose -
6 |D-Xylose - 31 |Sucrose +/-
7 |L-Xylose - 32 | Trehalose +
8 | Adonitol - 33 |Inulin -
9 |B-Methyl-D-Xyloside - 34 | Melezitose +
10 | Galactose + 35 |Raffinose -
11 |Glucose + 36 |Starch -
12 | Fructose + 37 | Glycogen -
13 | Mannose + 38 | Xylitol -
14 | Sorbose - 39 | Gentibiose +/-
15 |Rhamnose - 40 | Turanose -
16 | Dulcitol - 41 |D-Lyxose -
17 |Inositol - 42 | D-Tagatose +
18 | Mannitol + 43 | D-Fucose -
19 | Sorbitol - 44 |L- Fucose -
20 | a-Methyl-D-Mannoside - 45 | D-Arabitol -
21 |a-Methyl-D-Glucoside - 46 |L- Arabitol -
22 | N-Acetyl-Glucosamine + 47 | Gluconate +/-
23 | Amygdalin - 48 |2-Keto-Gluconate -
24 | Arbutin +/- 49 | 5-Keto-Gluconate -
Results evaluated using the API 50 CH test as ‘—’ = negative; ‘+’ = positive; ‘+/-’ = weak.

In contrast, weak fermentation responses were recorded for sucrose,
arbutin, gentiobiose, and gluconate. No fermentation was observed for
glycerol, erythritol, D- and L-arabinose, D- and L-xylose, adonitol, B-methyl-
D-xyloside, sorbose, rhamnose, dulcitol, inositol, sorbitol, a-methyl-D-
mannoside, amygdalin, melibiose, inulin, raffinose, starch, glycogen, xylitol,
turanose, D-lyxose, D-tagatose, D- and L-fucose, D- and L-arabitol, and keto-
gluconates.

Foodborne pathogens and spoilage fungi create major challenges for
the food industry in keeping products safe. As a result, there is increasing
interest in using microbial cultures with bioprotective properties as a natural
way to improve food safety [230,231]. Therefore, in this study, antifungal
and antibacterial activity of L. paracasei A11 was tested, and the results are
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presented in Table 3.3.3. The strongest inhibition was observed against the
yeast D. hansenni (25 mm) and pathogenic bacteria L. monocytogenes (15
mm). Moderate (7 — 11 mm) inhibition zones were noted for P. fluorescens
(11 mm), E. coli (10 mm), B. thermosphacta (9 mm), B. cereus (9 mm), P.
aeruginosa (9 mm), and A. versicolor (7 mm). Lower inhibitory effects (2 — 5
mm) were noted for several fungal species such as C. herbarum (3 mm), Y.
lipolytica (2 mm), C. glabrata (2 mm), P. commune (2 mm), and for bacteria
including S. Typhimurium (3 mm) and S. aureus (2 mm). No inhibition was
observed against C. albicans and M. racemosus, indicating that L. paracasei
A1l had no antifungal effect on these microorganisms.

Table 3.3.3. Antifungal and antibacterial activity of L. paracasei A1l

Strains Diameter of inhibition zone in mm

Debaryomyces hansenii (BTL, M-31/Deb. 4 (T)) 25
Yarrowia lipolytica (BTL, M-48/C.6.1) 2
Candida glabrata (BTL, 8B) 2
Candida albicans (BTL, M-7/C.17) 0
Mucor racemosus (BTL, G-134/1064) 0
3
2
7

Cladosporium herbarum (BTL, G-86/KS-2/7)
Penicillium commune ML 21-3
Aspergillus versicolor (CBS 113090)

Listeria monocytogenes ATCC 35152 15
Staphylococcus aureus ATCC 9144 2
Escherichia coli ATCC 8739 10
Pseudomonas aeruginosa NCTC 6750 9
Bacillus cereus ATCC 11778 9
Salmonella Typhimurium ATCC 13311 3
Pseudomonas fluorescens ATCC 13525 11
Brochothrix thermosphacta ATCC 11509 9

ATCC — American Type Culture Collection; NCTC — National Collection of Type Cultures,
a Culture Collection of Public Health England; MRS — De Man Rogosa Sharpe medium;
BHI — Brain Heart Infusion medium.

3.4. L. paracasei A11 probiotic potential

The ability of L. paracasei A11 to survive in acidic conditions and in the
presence of bile salts was assessed to determine its functional robustness. The
strain’s survival was measured after exposure to low pH (2.5) and varying
concentrations of bile salts, simulating gastrointestinal conditions, with the
results presented in Table 3.4.1. The initial viability of L. paracasei in acidic
conditions was 8.58 log, CFU/g, and after 3 hours of exposure, it maintained
100% survival, indicating strong acidic tolerance. The results of bile salt
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resistance showed that in the control MRS broth, the bacterial count was
9.16 log,,CFU/g, and at the highest bile salt concentration (1%), the count
decreased to 6.66 log, CFU/g after 24 hours of incubation, indicating a 73%
survival rate (p < 0.05). These results suggest that the strain is well-suited for
gastrointestinal conditions.

Table 3.4.1. L. paracasei A1l resistance to acid and bile salt

. Resistance to acid . .
Strain 2.5 pH) Resistance to bile salt

Media 0Oh 3h MRS broth

MRS broth{ MRS broth|MRS broth
+0.3% bile|+ 0.5% bile| + 1% bile

L. paracasei
All 8.58 +£0.03|8.61 £0.06{9.16 + 0.12%7.40 + 0.14°6.38 £ 0.02°|6.66 £ 0.20°
(log,,CFU/g)

Values presented are means of three replicates + standard deviation. Means in the same row
with different lowercase letters indicate significant differences (p < 0.05) among treatments.

3.5. Cultivation of L. paracasei A1l in dairy by-products

During flask cultivation, statistically significant differences in pH and
LAB counts were observed between time points and among growth media
(p < 0.05), as shown by changes in L. paracasei All cultivation in MRS
broth, LAWPC, and LAWP presented in Figure 3.5.1. In MRS broth, the pH
(Fig. 3.5.1a), decreased from 6.25 + 0.01 at 0 h to 4.50 + 0.02 at 24 h and
further to about 3.46 = 0.01 after 48 h. In LAWPC, the pH showed a slight
decrease from 4.70 £ 0.01 at 0 h to 4.65 + 0.02 at 24 h and remained relatively
stable up to 48 h. In LAWP, pH values remained nearly constant throughout
the cultivation period, ranging from 4.36 + 0.01 to 4.25 + 0.02.

LAB counts (Fig. 3.5.1b) in MRS broth increased from 5.51 =+
0.02 log,, CFU/g at 0 h to 8.46 + 0.02 log , CFU/g at 24 h and reached 9.23+
0.03 log,, CFU/g after 48 h, representing the highest biomass yield among
all evaluated time points. In LAWPC, LAB counts increased from 6.28 +
0.02 log,, CFU/g at 0 h to 6.85 + 0.01 log,, CFU/g at 24 h and to 8.30 +
0.02 log,, CFU/g at 48 h. In LAWP, LAB counts decreased from 5.40 + 0.03
log,, CFU/g at 0 h to 5.0 = 0.04 log,, CFU/g at 24 h and increased to 6.3 +
0.03 log,, CFU/g at the end of storage.
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Fig. 3.5.1. Changes in pH (a) and LAB counts (b) of L. paracasei A1l in
MRS broth, liquid acid whey protein concentrate (LAWPC), and liquid acid
whey permeate (LAWP)

The consumption of sugars and the production of lactic acid and lactate by
L. paracasei A11 were measured in MRS broth, LAWPC, and LAWP over
48 hours (Table 3.5.1). Statistical analysis showed significant differences in
sugar utilization and metabolite production both among time points within
each media and between media at the same time point (p < 0.05), indicating
that substrate composition strongly influenced the metabolic activity of the
strain [32].

In MRS broth, glucose was rapidly consumed, decreasing from 1.67 +
0.03% to 0.15 + 0.01%. In LAWPC, glucose decreased slightly from 0.66 +
0.01% to 0.57 + 0.02%, while in LAWP it dropped from 0.45 + 0.01% to
0.02 £ 0.01%. Galactose and lactose were used only minimally. Galactose
decreased slightly in LAWPC (1.05 + 0.03% to 0.97 £+ 0.02%) and LAWP
(0.65 = 0.01% to 0.61 = 0.04%), while lactose showed a small reduction in
LAWP (3.04 + 0.07% to 2.84 + 0.05%) and remained largely unchanged in
LAWPC.

The production of D/L lactic acid and D/L lactate followed the pattern of
sugar consumption. In MRS broth, lactic acid increased from 34.45 + 0.33 to
1462.95 + 18.45 mg/100 g, and lactate from 34.06 + 0.32 to 1442.17 + 20.25
mg/100 g. In LAWPC, lactic acid increased from 847.01 + 1.01 to 1030.23 +
7.07 mg/100 g, and lactate from 837.20 = 1.06 to 1019.09 = 5.01 mg/100 g. In
LAWP, lactic acid increased from 120.0 £ 0.9 to 431.0 = 0.08 mg/100 g, and
lactate from 113.01 + 1.0 to 416.01 + 0.09 mg/100 g.
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Table 3.5.1. Kinetics of lactic acid, lactate, and sugar utilization by L.
paracasei A1l in MRS broth, liquid acid whey protein concentrate (LAWPC),
and liquid acid whey permeate (LAWP)

Parameter Hours Growth media
MRS broth LAWPC LAWP

Glucose (%) 0 1.67 +0.034 0.66 = 0.014b 0.45 £ 0.014

48 0.15+0.01% 0.57 £ 0.028 0.02 £ 0.015¢

. 0 - 1.05 + 0.0342 0.65+0.01°

Galactose (%) 48 - 0.97 + 0,028 0.61 + 0.04°

0 - 9.84 + (.04 3.04 £ 0.074

Lactose (%) 48 : 9.76 = 0.04% 2.84 1 0.05%

D/L lactic acid 0 34.45 +0.338¢ 847.01 + 1.015 120.0 + 0,95
(mg/100 g) 48 1462.95 + 18.45% | 1030.23 + 7.07A° 431.0 £ 0.084¢
D/L lactate 0 34.06 + 0.32B¢ 837.20 + 1.068 113.01 + 1.0%°
(mg/100 g) 43 1442.17 £20.254 | 1019.09 + 5.012> | 416.01 + 0.09%°

[T

Values are presented as means of three replicates + standard deviation. = not detected.
Means within the same column followed by different uppercase (A—B) letters indicate si-
gnificant differences (p < 0.05) among time points within the same treatment. Means within
the same row followed by different lowercase (a—c) letters indicate significant differences
(p <0.05) among treatments at the same time point.

No growth of L. paracasei A1l was observed in LAWP in the bioreactor
due to its low glucose content and limited availability of nitrogen sources,
despite the presence of lactose. In contrast, LAWPC and MRS broth
provided suitable conditions for growth as shown by optical density (OD)
measurements in Figure 3.5.2. The effects of growth medium, cultivation time,
and their interaction on OD, growth rate, and biomass yield were statistically
significant (p <0.05). In MRS broth, rapid increase in OD was observed, with
doubling time of 2.14 h. Cultivation in LAWPC resulted in diauxic growth,
with an initial exponential phase (E1) characterized by a doubling time of
3.5 h. During the second exponential phase (E2), the doubling time increased
to 15 h. Overall, these results indicate that LAWPC provides a nutritionally
adequate matrix for the growth and controlled acid production of L. paracasei
All, and therefore LAWPC was used as a fermentation substrate for the
preparation of edible coatings in the further experiments.
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Fig. 3.5.2. Growth kinetics of L. paracasei A1l in MRS broth and liquid acid
whey protein concentrate (LAWPC). Growth phases: exponential phase (E),
first exponential phase (E1) and second exponential phase (E2)

“y” describes the linear relationship between x and y, while the “R?” value indicates how well
the regression line fits the data.

3.6. Characterization of edible coating film-forming solutions and film
properties

3.6.1. Properties of film-forming solutions and edible films

Rheological properties, particularly viscosity, are critical for food producers
when selecting an appropriate method for applying film-forming solutions
to product surfaces [155]. The rheological data (Fig. 3.6.1.1.) showed that
all film-forming solutions exhibited non-Newtonian, time-independent shear
behavior, with flow behavior index (n) lower than 1, indicating a decrease in
apparent viscosity with increasing shear rate, while the shear stress—shear rate
curves revealed significant differences in viscosity among the formulations
(» < 0.05). In general, LAWP film-forming solutions exhibited lower shear
stress values than LAWPC solutions, indicating lower viscosity (about
19.64 and 37.58 Pa, respectively; p < 0.05). Notably, the incorporation of
L. paracasei All into the LAWPC film-forming solution resulted in a
reduction of approximately 13.24 Pa (p < 0.05).
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Fig. 3.6.1.1. Flow curves of the different film-forming solutions

LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; C —
control; L. p — Lacticaseibacillus paracasei A11. “R?” value indicates how well the regressi-
on line fits the data, while “n” value indicates the flow behavior index.

Table 3.6.1.1 summarizes the physicomechanical and optical properties
of edible films prepared from LAWPC and LAWP, with and without the
incorporation of L. paracasei A11.

Significant differences among film formulations were observed for most
physicomechanical attributes (p < 0.05). Film thickness ranged from 0.13 to
0.28 um. LAWPC (C) film exhibited the highest thickness, while LAWP-
based films showed significantly lower and more uniform thickness values.
The tensile strength (TS) did not differ significantly among the formulations
(» > 0.05), whereas elongation-at-break (EAB) values were significantly
affected (p < 0.05). In LAWPC films, the addition of L. paracasei All
significantly increased EAB compared to the control (LAWPC + L. p: 23.87
+4.84%; LAWPC (C): 9.36 + 2.24%), indicating enhanced film extensibility.
When comparing the two film bases, higher EAB values were observed in
LAWP samples compared with LAWPC. Water solubility was relatively
high across all films, with an overall mean of 71.79%. Moisture content was
significantly higher in LAWP films (approx. 32.91%) compared to LAWPC
(approx. 22.84%; p <0.05), whereas water vapor permeability (WVP) showed
no significant differences among the formulations (p > 0.05).
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Table 3.6.1.1. Physicomechanical and optical characterization of edible films

Properties Film samples

LAWPC (C) | LAWPC + L.p | LAWP(C) | LAWP+ L. p

Thickness (um) 028003 | 020£008° | 0.13+001° | 0.13%0.03
TS (MPa) 0.07£002 | 027016 | 0.09£001° | 0.050.00°
EAB (%) 036224 | 23.87+484° | 3131%250 | 26.18 = 4.93%
Water solubility (%) | 66.56 + 1.05° | 69.01+2.81° | 75.25=8.01* | 7632 = L.11*
Moisture (%) 2337+ 126' | 2230+092° | 32.63+ 131° | 33.18 % 0.59°
29 x 10°+ 99 x 10°+ 69 x10°+ 85 x10°+

WVP (g/(m.s.Pa)) 26.2290 xlloofm 18.9699 xlloofm 21 .6194 x1100763 21 ?254 xllooféa
Opacity (%) 2159+ 1.94° | 17.09+133° | 1223059 | 1222+ 087°
L 8434+ 108 | 8823+ 124" | 92.85+027° | 92.82 % 038"
a* 208009 | 314045 | 1112018 | —1.06%0.14°
b 13052063 | 174823.10° | 745<0.71° | 720=0.67

LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; C —
control; L. p — Lacticaseibacillus paracasei A11; TS — tensile strength; EAB — elongation-
at-break; WVP - water vapor permeability. Different lowercase letters (a—c) indicate signifi-
cant differences (p < 0.05) between samples. Results are mean + SD.

The optical properties of the films, including opacity and color coordinates,
were also assessed due to their direct impact on the appearance of coated
products [232]. Notably, the optical properties varied significantly among
formulations (p < 0.05). Opacity was highest in LAWPC (C) films and
significantly decreased with the incorporation of L. paracasei A11. LAWP-
based films showed lower opacity overall, indicating greater transparency.
Color measurements revealed higher lightness (L*) values for LAWP films,
while LAWPC films were darker. Film type (LAWPC vs LAWP) significantly
influenced the a* and b* color parameters (p < 0.05), with LAWPC-based
films showing lower a* values and higher b* values than AWP films.

3.6.2. Morphological characteristics of edible films

SEM analysis was performed to assess the microstructure of the film
samples (Fig. 3.6.2.1). LAWPC-based films exhibited irregular, non-
smooth surfaces with the presence of crystallized regions (indicated by white
arrows). In contrast, LAWP-based films, particularly the LAWP (C) sample,
showed surface cavities (indicated by dashed white circles), that were more
pronounced than those observed in the film containing entrapped bacteria.
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Fig. 3.6.2.1. Scanning electron microscopy images of the surface

of different edible films

LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; C —
control; L. p — Lacticaseibacillus paracasei A11.

The element composition and distribution of the edible films, determi-
ned by Energy-Dispersive X-Ray Spectroscopy (EDS), are presented in
Fig.3.6.2.2. The EDS spectra obtained from two randomly selected regions of
each film sample indicated that carbon (C) and oxygen (O) were the dominant
elements, with their concentrations differing significantly among the films
(» <0.05). Smaller amounts of phosphorus (P), calcium (Ca), sodium (Na),
magnesium (Mg), chlorine (Cl), potassium (K), and silicon (Si) were also
detected, each representing less than 2% of the total weight.
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Fig. 3.6.2.2. EDS analysis and element X-ray mapping of the film samples

LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; C —
control; L. p — Lacticaseibacillus paracasei Al1.

3.6.3. Viability of L. paracasei A11 in edible films

Figure 3.6.3.1 shows the effect of the film drying process (a) and storage
conditions (b) on the viability of Lacticaseibacillus paracasei A11 in edible
films.

Prior to drying (Fig. 3.6.3.1a), LAB counts were significantly higher
(p <0.05) in LAWP + L. p films (7.60 log,, CFU/g) than in LAWPC + L. p
films (7.16 log,, CFU/g). After drying, LAB counts increased significantly
(p < 0.05) in LAWPC + L. p films to 7.67  log CFU/g, whereas a slight
but significant decrease (p < 0.05) was observed in LAWP + L. p films
(7.53 log,, CFU/g).

During storage at 4 °C for 21 days (Fig. 3.6.3.1b), LAB counts decreased
significantly over time in both film formulations (p < 0.05), with a more
pronounced reduction in LAWP + L. p films. In LAWPC + L. p films,
LAB counts declined significantly (p < 0.05) from 7.67 log 6 CFU/g
on day 1 to 5.21 log,, CFU/g on day 21. In contrast, LAWP + L. p films
showed a rapid and significant decrease (p < 0.05) from 7.53 log,, CFU/g to
4.76 log,, CFU/g by day 14. At all storage times, LAB viability was
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significantly higher (p < 0.05) in LAWPC + L. p films than in LAWP + L. p
films, therefore LAWPC coatings were used for further experiments.
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Fig. 3.6.3.1. Effect of film drying process (a) and storage conditions (b) on

the survival of L. paracasei A11
LAWPC - liquid acid whey protein concentrate; LAWP — liquid acid whey permeate; L. p —
Lacticaseibacillus paracasei Al11.

3.7. Industrial-scale implementation of edible coatings with
incorporated L. paracasei A1l for Edam-type cheese

3.7.1. Physicochemical and microbiological characterization of
coated Edam-type cheese

The pH, water activity (a_), dry matter (DM), and color difference (AE) of
regular and probiotic Edam-type cheeses were determined on days 1 (before
ripening), 45 (after ripening), and 135 (end of storage) (Table 3.7.1.1).
Because different milk batches were used, regular (R) and probiotic (P)
cheeses were analyzed and interpreted independently, and no direct statistical
comparison was made between them.
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Table 3.7.1.1. Changes in pH, water activity (a ), dry matter content (DM),
and color (AE) of regular and probiotic Edam-type cheeses coated with edible
coatings during ripening and storage

Day Sample pH a DM (%) AE
R (C) 5.18 £0.01¢ | 0.948 £ 0.001* {54.23 £ 0.01* -
R + LAWPC 5.18 £0.028 | 0.948 +£ 0.002* {54.23 + 0.02% -
1 R+LAWPC+L.p|5.18+0.018 | 0.948 £ 0.001% |54.23 +0.034 -
P(C) 5.23 £0.02% | 0.945 £ 0.002% [56.77 £ 0.01% -
P+ LAWPC 5.22 +£0.04% | 0.946 + 0.002% |56.76 = 0.01Y —
P+LAWPC+L.p | 5.23 £0.03% | 0.944 + 0.001% |56.76 £ 0.01* -
R (C) 5.37 £0.0252 [0.946 + 0.004%|53.08 = 0.02%| 3.77 £ 2.37
R+ LAWPC 5.04 £0.01¢[0.948 + 0.004%2|52.93 + 0.025% 3.39 +£2.32
45 R+LAWPC +L.p [5.15£0.02[0.943 &+ 0.005%|52.63 + 0.03°¢| 3.97 + 3.25
P (C) 5.27 £0.03Y%10.943 + 0.005%%[52.95 + 0.02%7 9.18 + 3.39
P+ LAWPC 5.07 £ 0.04% [0.941 £ 0.004Y%|57.25 + 0.03% 7.31 £ 3.67
P+LAWPC + L.p [5.03+0.02Y7|0.927 + 0.004% [53.41 £ 0.02%] 5.36 + 1.85
R (C) 5.51 £0.0242{0.939 = 0.002B"|53.45 £ 0.03%% 5.05 £ 0.57
R+ LAWPC 5.36 £0.024°10.941 £ 0.0045(51.86 + 0.01°¢ 3.67 + 1.06
135 R+LAWPC +L.p [5.29 +0.044¢]0.943 + 0.004%*|53.72 £ 0.028 3.22 + 1.42
P(C) 5.33 £0.03%(0.940 + 0.003Yv|55.29 £ 0.04Y 5.61 + 3.44
P+ LAWPC 5.15+£0.02Y7{0.941 £ 0.002Y%|53.13 + 0.04%7 4.00 £ 2.17
P+LAWPC+L.p [5.24+£0.01%[0.939 + 0.003Y7|55.26 + 0.03¥¥ 2.07 + 1.69
(g:?::ﬁ;)e Significance of factors and their interactions
Sample p<0.01 0.029 p<0.01 ns
Regular |Day p<0.01 »<0.01 p<0.01 ns
Sample x Day p<0.01 p<0.01 p<0.01 ns
Sample »<0.01 p<0.01 »<0.01 ns
Probiotic | Day p<0.01 p<0.01 p<0.01 0.025
Sample x Day »<0.01 p<0.01 »<0.01 ns

LAWPC - liquid acid whey protein concentrate; R — regular cheese; P — probiotic cheese;
C — control; L. p — Lacticaseibacillus paracasei All. Because different milk batches were
used, R and P cheeses were analyzed and interpreted independently, and no direct statistical
comparison was made between them. Different lowercase letters (a—c) indicate significant
differences (p < 0.05) among R cheese samples, and different lowercase letters (x—z) indicate
significant differences (p < 0.05) among P cheese samples. Different uppercase letters (A—C)
indicate significant differences (p < 0.05) among R cheese storage times within the same
treatment, while different uppercase letters (X—Z) indicate significant differences (p < 0.05)
among P cheese storage times within the same treatment. Results are presented as mean of
three replicates = SD.

For regular cheeses, sample type and storage day significantly affected pH,
a_,and DM content, and a significant sample x day interaction was observed for
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all three parameters (p < 0.01). Overall, pH increased significantly (p < 0.05)
during storage, particularly by day 135, with the control sample exhibiting
higher pH values than the LAWPC-coated samples. A decreased over storage
time, especially at the end of storage, but coated samples maintained higher
a _ values compared with the control. The control sample showed the highest
DM content on day 45, whereas at the end of storage the R + LAWPC + L. p
sample exhibited significantly higher DM content (p < 0.05). No significant
effects were observed for AE, indicating that the coatings did not significantly
influence color changes in regular cheese.

In probiotic cheeses, similar trends were observed. Sample type, storage
day, and their interaction significantly affected pH, a , and DM (p < 0.01),
demonstrating that the presence of LAWPC coatings, with or without
L. paracasei A11, modified storage-related changes. Probiotic control cheeses
exhibited a gradual and statistically significant increase in pH during storage
(p < 0.05), whereas LAWPC-coated samples showed greater fluctuations,
particularly on day 45. A decreased during storage, with significant
differences (p < 0.05) observed among probiotic cheese samples, and the
lowest a  value was recorded for the P+ LAWPC + L. p sample on day 45.
DM content increased significantly (p < 0.05) in the P + LAWPC sample on
day 45 compared with the other samples. In contrast, at the end of storage, the
DM content of the P+ LAWPC sample was significantly lower (p <0.05) than
the remaining samples. Unlike regular cheeses, storage day had a significant
effect on AE in probiotic cheeses, suggesting that color changes progressed
during storage, although the lack of a significant sample x day interaction
indicates that coatings did not differentially influence color development over
time.

To assess the impact of whey-pectin-based edible coatings with entrapped
L. paracasei All strain on regular and probiotic Edam-type cheeses FA
content and LQI were examined during days 1 (before ripening), 45 (after
ripening), and 135 (end of storage) and the results are presented in Table
3.7.1.2.

On day 1, no significant differences (p > 0.05) were observed among
regular cheese samples (Table 3.7.1.2a) for saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA),
unsaturated fatty acids (UFA), long-chain fatty acids (LCFA), medium-
chain fatty acids (MCFA), short-chain fatty acids (SCFA), omega-6
polyunsaturated fatty acids (omega-6), omega 3 polyunsaturated fatty acids
(omega-3), omega-6/omega-3 ratio (n-6/n-3), trans FA, and all LQI including
atherogenicity (Al), thrombogenicity (TI), and hypocholesterolemic/
hypercholesterolemic (h/H) indices.
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After 45 days of cheese ripening, significant differences among storage
times (p < 0.05) were observed within the same treatment for SFA, MUFA,
PUFA, UFA, MCFA, SCFA, n-6/n-3, Al, and trans FA. Among samples,
differences were detected for trans FA with R (C) sample showing the highest
value compared with R + LAWPC sample (p < 0.05).

At the end of storage (day 135), significant differences among samples
were evident for most FA groups. The lowest SFA content was recorded in
cheese coated with LAWPC + L. p (68.66 g/100 g total FA), while the highest
was observed in the control (68.92 g/100 g total FA). Conversely, MUFA and
UFA contents were highest in the LAWPC + L. p-coated sample compared
with the other samples. PUFA content increased significantly (p < 0.05) in
all samples by the end of storage, with the highest value (p < 0.05) observed
in the R (C) sample. LCFA and SCFA contents were significantly reduced
in coated samples compared with the control, whereas MCFA content was
highest in the R + LAWPC sample (p < 0.05). The contents of omega-6 and
omega-3 FA remained constant during storage; however, a significant increase
(» <0.05) in the n-6/n-3 ratio over storage time and among samples at day 135
was observed in the LAWPC + L. p sample. The Al decreased progressively
during storage and reached its significantly lowest (p < 0.05) value in the
LAWPC + L. p sample. DFA content increased significantly (p < 0.05) over
storage and was highest in the LAWPC + L. p sample (40.14 g/100 g total FA)
compared with the R + LAWPC and R (C) samples (40.06 g/100 g total FA
and 39.92 g/100 g total FA, respectively). Trans FA content increased during
storage and differed significantly among samples at day 135, with the highest
value recorded in the LAWPC + L. p sample (p < 0.05).

On day 1, there were no significant differences (p > 0.05) among probiotic
cheese samples (Table 3.7.1.2b) for LQI and FA groups, except MCFA
content, which was significantly highest (p < 0.05) in the P (C) sample.

On day 45, SFA content was significantly higher (p < 0.05) in the coated
samples, compared with the control. In contrast, MUFA and UFA content
were significantly lower in the coated samples, while in the control the
content increased during storage and was significantly highest (p < 0.05).
PUFA, MCFA, and SCFA content did not change during cheese ripening
and did not differ among samples (p > 0.05), while the content of LCFA in
coated samples increased significantly (p < 0.05) after the ripening process
compared with the R (C) sample. Omega-6 content was significantly higher in
P+ LAWPC + L. p sample (2.07 g/100 g total FA) compared to P (C) sample
(2.04 g/100 g total FA), while omega-3 content was significantly lower in
P+ LAWPC + L. p sample (0.80 g/100 g total FA) compared to P (C) sample
(0.83 g/100 gtotal FA) (p<0.05). Inthe control sample, the n-6/n-3 ratio, Al, and
TI indices were significantly lower (p < 0.05) compared to the coated samples.
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The trans FA content and h/H and DFA indices did not differ significantly
(p > 0.05) between samples.

On day 135, SFA, n-6/n-3 ratio, and TI significantly increased (p < 0.05)
in the control sample, while MUFA, UFA, omega-3, and DFA decreased.
In the coated samples, LCFA significantly decreased and SCFA increased
(» < 0.05). In all samples, trans FA content significantly increased, while Al
decreased (p < 0.05). The only significant difference between samples was
observed for MCFA content, which was significantly lowest (p < 0.05) in the
P+ LAWPC + L. p sample. No significant difference (p > 0.05) was observed
between storage days and between samples for PUFA, omega-6, and h/H.

The TBC, LAB, and Lactiplantibacillus plantarum counts were determined
in the cheese matrix (sliced samples), while TBC, LAB, mold and yeast, and
Lacticaseibacillus paracasei counts were determined on the cheese surface
(swabs samples) of regular and probiotic Edam-type cheeses on days 1 (before
ripening), 45 (after ripening), and 135 (end of storage) (Table 3.7.1.3). This
dual strategy was used to assess the impact of the coatings and incorporated
LAB on microbial distribution and growth within the cheese matrix and on the
surface, where the conditions for microbial proliferation differ. Enterobacteria
counts were also evaluated in these cheeses. However, no enterobacteria was
detected throughout the storage period.
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On day 1, in regular cheeses matrix, the lowest TBC was observed in the
control samples, while significantly higher (p <0.05) values were recorded in
samples coated with LAWPC and LAWPC + L. p coatings. A similar pattern
was observed in probiotic cheese, where coated samples exhibited higher TBC
compared to the control. LAB counts on same day were significantly higher
(» <0.05) in both cheeses covered with LAWPC + L. p coating. L. plantarum
counts were detected only in probiotic cheese samples at approximately
6.15 log , CFU/g.

After 45 days of cheese ripening, TBC counts significantly increased
(p < 0.05) in all samples, ranging from 7.78 to 8.82 log CFU/g in regular
cheese matrix and from 7.80 to 8.90 log, , CFU/g in probiotic cheeses matrix.
In both cheese types, the lowest TBC counts were observed in control samples
compared to their coated counterparts (p < 0.05). LAB counts significantly
decreased (p < 0.05) in regular cheese samples, with the lowest counts in
the control. Conversely, LAB counts significantly increased (p < 0.05) in
probiotic cheese, although the control sample still exhibited the lowest LAB
counts. In probiotic cheeses, L. plantarum counts increased significantly
(p < 0.05) in the P (C) sample to 6.80 log,, CFU/g, while decreasing in
coated samples. Nevertheless, among the samples, the significantly highest
(p <0.05) counts were observed in P+ LAWPC (7.09 log , CFU/g) sample.

By day 135 of storage, TBC counts significantly increased (p < 0.05) in the
matrix of both regular and probiotic control cheeses compared with coated
samples. LAB counts significantly decreased (p <0.05) in both cheese groups,
with the controls showing the highest counts. The counts of L. plantarum
increased significantly (p < 0.05) in all probiotic cheese samples and differed
among samples (p < 0.05), with the highest counts observed in the sample P
+ LAWPC, followed by P+ LAWPC + L. p and P (C).

On day 1, TBC and LAB counts were not detected on the surface of the
control and plain LAWPC-coated samples in either cheese type. In contrast,
cheeses coated with LAWPC + L. p showed detectable surface TBC, with
5.90 log,, CFU/g on regular cheese and 5.86 log , CFU/g on probiotic cheese.
Corresponding LAB counts were 5.81 log , CFU/g and 5.86 log , CFU/g,
respectively. On the cheese surface, L. paracasei counts were detected only
in samples coated with LAWPC + L. p coating. In regular cheeses, counts
reached 5.65 log CFU/g, while in probiotic cheeses the corresponding counts
were 5.60 log,, CFU/g. Mold and yeast were not detected on any surface
samples at this time.

On day 45, following ripening, surface TBC increased significantly
(» <0.05) in cheeses coated with LAWPC + L. p in both cheese types, and the
samples differed significantly (p < 0.05), with highest TBC counts observed
in the control samples for both cheese types. Surface LAB counts also
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significantly increased (p < 0.05) but remained detectable only in LAWPC
+ L. p-coated regular and probiotic cheeses. The counts of L. paracasei
increased significantly (p < 0.05) to 6.52 log,, CFU/g in regular cheese
R + LAWPC + L. p sample and to 6.27 log,, CFU/g in the probiotic cheese
P + LAWPC + L. p sample. Mold and yeast were still not detected on any
surface samples.

By day 135, surface TBC differed significantly (p < 0.05) among samples
within the cheese groups, with the lowest counts observed in control samples.
Similarly, surface LAB counts significantly differed (p < 0.05) between
samples, showing an increase on the surface of regular cheeses and a decrease
on probiotic cheese surfaces coated with LAWPC + L. p (p < 0.05). Mold
and yeast counts were detected on the surface of control samples for both
cheese types (2.30 log,, CFU/g in regular cheese and 2.55 log , CFU/g
in probiotic cheese), as well as in the LAWPC-coated regular cheese
(2.97 log,, CFU/g). Mold and yeast were not detected in regular and probiotic
cheese surface samples coated with LAWPC + L. p coating. At the end of
storage, L. paracasei counts increased significantly (p < 0.05) and were
detected on the surface of cheeses coated with LAWPC + L. p, with counts
of 6.70 log , CFU/g on regular cheese and 6.57 log,, CFU/g on probiotic
cheese. No L. paracasei was detected in control or LAWPC-coated samples
throughout storage.

3.7.2. Sensory evaluation of coated Edam-type cheese

Sensory attributes of regular and probiotic Edam-type cheese samples were
evaluated at the end of cheese ripening (day 45) and at the end of storage (day
135) to determine the impact of edible coatings on overall sensory quality
(Table 3.7.2.1).

On day 45, among regular cheese samples, the R + LAWPC + L. p sample
showed the highest scores for flavor and overall acceptability, with overall
acceptability reaching 85.54 + 7.14, which was significantly higher (p <0.05)
than that of the control sample (61.52 + 4.32). A similar trend was observed
for the probiotic cheese samples, where P + LAWPC + L. p sample resulted
in significantly higher (p < 0.05) scores for flavor and overall acceptability
compared with the remaining samples, as well as the highest appearance score
compared with the control sample.

After 135 days of storage, the R + LAWPC + L. p sample received
significantly higher (p < 0.05) scores for flavor, appearance, and overall
acceptability compared with the R (C) sample. In addition, the R + LAWPC
sample showed a significantly higher appearance score (8.06 + 0.38) compared
with the control (6.89 + 0.50) and a significantly higher (p < 0.05) body and
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texture score between storage days. However, a significant decrease (p < 0.05)
in appearance was observed in regular cheese samples at the end of storage. In
probiotic cheeses, the P+ LAWPC + L. p sample also resulted in significantly
higher (p < 0.05) scores for flavor and appearance compared with the P (C)
sample, as well as significantly higher (p < 0.05) scores for body and texture
and overall acceptability compared with the remaining samples. Similar to
the regular cheese samples, a significant decrease (p < 0.05) in appearance
was observed at the end of storage, except for P+ LAWPC + L. p sample.

Table 3.7.2.1. Sensory evaluation of regular and probiotic Edam-type cheeses
coated with edible coatings at the end of ripening (day 45) and storage (day

135)

Day Sample Flavor B& (zuiléd Appearance accce);gl::gi ty
R (C) 29.17+£2.30° | 23.94+4.08 | 8.41+0.67* | 61.52+£4.32°

R+ LAWPC 36.62 +3.87* | 24.55+£2.128 | 9.34+0.32* |70.51 £6.18®

45 R+LAWPC+L.p| 43.31+4.22* | 32.73+4.01 | 9.42+£0.04* | 8545+ 7.14°
P(C) 34344+0.79" | 24.75+3.64 | 8.11£0.39% | 67.20 + 4.46*

P+ LAWPC 36.11+1.94¥ | 24.65+1.40 | 8.84 +0.44%Y | 69.60 +2.77%
P+LAWPC+L.p | 4558 £0.58% | 31.72+3.81 | 9.09+0.30* | 86.39 + 3.30*

R (C) 32.83+£3.09° | 30.30+2.37 | 6.89+0.50% | 70.03 + 5.90°

R + LAWPC 38.01 £0.95° | 31.62 +0.76* | 8.06 +0.38% | 77.68 + 1.75%

135 R+LAWPC+L.p| 43.43+0.44* | 33.94+2.41 | 8.59+0.29% | 85.96+2.97*
P (C) 31.69+£2.09" | 28.38£0.97Y | 7.07 £ 0.32YY | 67.15+2.37¥

P+ LAWPC 36.36 +2.00% | 26.87 +0.70" | 7.60 + 0.44Y* | 70.83 +2.25Y
P+LAWPC+L.p | 41.04 £2.09Y* | 33.84£2.35 | 8.26+0.55* | 83.13 +4.33*

LAWPC - liquid acid whey protein concentrate; R — regular cheese; P — probiotic cheese;
C — control; L. p — Lacticaseibacillus paracasei A11. Because different milk batches were
used, R and P cheeses were analyzed and interpreted independently, and no direct statistical
comparison was made between them. Different lowercase letters (a—c) indicate significant
differences (p < 0.05) among R cheese samples, and different lowercase letters (x—z) indicate
significant differences (p < 0.05) among P cheese samples. Different uppercase letters (A—C)
indicate significant differences (p < 0.05) among R cheese storage times within the same
treatment, while different uppercase letters (X—Z) indicate significant differences (p < 0.05)
among P cheese storage times within the same treatment. Results are presented as mean of
three replicates + SD.
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3.8. Changes in coated Edam-type cheese properties during in vitro
digestion

3.8.1. Microbiological analysis and Edam-type cheese microbiome

Considering the use of edible coatings containing Lacticaseibacillus
paracasei A1l and Lactiplantibacillus plantarum Tensia as probiotic adjunct
culture, the viable LAB, L. paracasei, and L. plantarum in regular and
probiotic Edam-type cheeses before and after in vitro digestion on days 1 and
45 of ripening are presented in Table 3.8.1.1.

On day 1, LAB counts in regular cheese ranged from 8.47 to
8.69 log , CFU/g, with significantly lower counts (p < 0.05) observed in
control sample. L. paracasei was detected only in the R + LAWPC + L. p
sample (5.99 log , CFU/g), while L. plantarum was not detected in any regular
cheese samples before and after digestion. Following in vitro digestion,
LAB counts decreased significantly (paired t-test, p < 0.05) in all regular
cheese samples, with reductions ranging from — 0.50 to — 0.96 log,, CFU/g.
Among the samples, the R + LAWPC + L. p sample exhibited a significantly
lower LAB count than the remaining regular cheese samples (p < 0.05). No
significant difference after in vitro digestion was observed for L. paracasei
with counts reaching 5.06 log,, CFU/g (p > 0.05).

In the probiotic cheese group on day 1, prior to digestion, LAB
counts were significantly highest (p < 0.05) in the P + LAWPC sample
(8.68 log,, CFU/g), whereas the lowest counts were observed in the
P + LAWPC + L. p sample (8.47 log, CFU/g). L. plantarum was
detected in all probiotic cheese samples, with counts ranging from 6.14 to
6.28 log , CFU/g, whereas L. paracasei was detected only in the P+ LAWPC
+ L. p sample (6.29 log,, CFU/g). After in vitro digestion, a similar trend to
that observed in regular cheeses was noted for LAB counts, with a significant
reduction (paired t-test, p < 0.05) in all probiotic cheese samples ranging from
—0.68 to —0.86 log , CFU/g. Conversely, L. plantarum exhibited a significant
increase following digestion in all probiotic cheeses (paired t-test, p < 0.05),
ranging from 0.48 to 0.81 log,, CFU/g, with significantly higher count
(» <0.05) observed in the P+ LAWPC + L. p sample compared with the other
probiotic cheese samples. With counts of 6.46 log  CFU/g, no significant
effect of in vitro digestion was noted for L. paracasei (p > 0.05).
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After 45 days of cheese ripening, LAB counts before digestion increased
significantly (p < 0.05) in all regular cheese samples and reached approxi-
mately 8.85 log,, CFU/g. In addition, L. paracasei counts increased
significantly (p < 0.05) to 7.59 log,, CFU/g, while L. plantarum remained
still undetectable before and after digestion. /n vitro digestion resulted in a
significant reduction in LAB counts in all regular cheese samples (paired
t-test, p <0.05), as well as a significant decrease (p <0.05) between days in the
R (C) and R + LAWPC samples. L. paracasei counts increased significantly
when comparing among days (p < 0.05), but decreased significantly after
digestion (p < 0.05), reaching 5.88 log,, CFU/g.

In the probiotic cheese group on day 45, LAB counts increased
significantly (p < 0.05) in the P (C) and P + LAWPC + L. p samples
compared with values before cheese ripening. L. paracasei counts remained
constant at 6.00 log,, CFU/g in the P + LAWPC + L. p sample, although L.
plantarum counts increased significantly (p < 0.05) in all probiotic cheese
samples compared with day 1. Significantly higher L. plantarum counts
(» < 0.05) were observed in the P + LAWPC and P (C) samples (7.06 and
6.97 log,, CFU/g, respectively) than in the P + LAWPC + L. p sample (6.46
log,, CFU/g). Following in vitro digestion, LAB counts decreased significantly
in in all probiotic cheese samples (paired t-test, p < 0.05), with a significant
decrease also observed between days (p < 0.05). In the P + LAWPC + L.
p sample, both storage time (p < 0.05) and in vitro digestion (paired t-test,
p < 0.05) significantly reduced L. paracasei counts, which reached
5.02 log,, CFU/g. The counts of L. plantarum increased significantly
(p <0.05) in the P (C) and P + LAWPC samples compared with day 1, with
the highest counts observed in the P + LAWPC sample (7.16 log , CFU/g).
Meanwhile, the P+ LAWPC + L. p sample exhibited the lowest L. plantarum
counts (6.11 log,, CFU/g) compared with the other probiotic cheese samples,
showed a significant decrease (p < 0.05) relative to day 1, and displayed a
digestion-related reduction (paired t-test, p < 0.05).

The relative abundance of dominating (Fig. 3.8.1.1a) and non-dominating
genera (Fig. 3.8.1.1b) in coated regular and probiotic Edam-type cheeses was
evaluated on days 1 and 45 of ripening.

In both cheese types, the microbiota was dominated by the starter lactic
acid bacteria (SLAB) culture Lactococcus, followed by Streptococcus
(Fig. 3.8.1.1a).
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Fig. 3.8.1.1. Relative abundance and diversity of dominating genera (a)
and non-dominating genera (b) of coated regular and probiotic Edam-type
cheeses after in vitro digestion, before and after ripening
LAWPC - liquid acid whey protein concentrate; R — regular cheese; P — probiotic cheese;
C — control; L. p — Lacticaseibacillus paracasei A11; Because different milk batches were

used, R and P cheeses were analyzed and interpreted independently, and no direct statistical
comparison was made between them. Results are presented as mean of duplicates.
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Inregular cheese, Lactococcus represented more than 97% of the microbiota
at both sampling times, while Strepfococcus remained at low abundance.
After cheese ripening (day 45), a slight increase in Streptococcus relative
abundance was observed in coated samples, accompanied by a corresponding
decrease in Lactococcus. However, Kruskal-Wallis test showed no significant
differences among samples and days (p > 0.05).

In probiotic cheese, Lactococcus also remained the dominant genus, but
at a lower proportion (approximately 85.26%) compared with regular cheese.
Conversely to regular cheese, Streptococcus slightly decreased after ripening.
Nevertheless, no significant differences among samples and days were
detected (Kruskal-Wallis test, p > 0.05).

Several low-abundance non-dominating genera were also detected,
including JC017, Pseudomonas E647464, Lacticaseibacillus, Thermus A,
Anoxybacillaceae, Lactiplantibacillus, and Latilactobacillus (Fig. 3.8.1.1b).

In regular cheese, most minor genera remained below 1% throughout
ripening. Only Anoxybacillaceae exhibited a significant difference between
ripening days (Kruskal-Wallis test, p < 0.05), while the remaining genera did
not differ significantly among samples at either day 1 or day 45 (p > 0.05). No
significant differences among samples or between days were observed for the
other non-dominant minor genera (p > 0.05).

In probiotic cheese, the relative abundance of non-dominating genera was
generally higher and variable, especially after ripening, where Latilacto-
bacillus increased in coated samples. However, none of the detected genera
differed significantly among samples and days according to the Kruskal-
Wallis test (p < 0.05).

The genera classified as Lacticaseibacillus and Lactiplantibacillus most
likely correspond to the bacteria incorporated into the coating and adjunct
culture, respectively, based on sequence identity and experimental design.
Both remained at low abundance (< 1%) and did not become dominant during
ripening. Confirmation at the strain level would require whole-genome
sequencing.

Principal component analysis (PCA) revealed clear clustering of regular
and probiotic Edam-type cheese samples on days 1 and 45 (Fig. 3.8.1.2).
Regular cheese samples formed a compact cluster (green color), with a visible
shift between day 1 and day 45, indicating changes in microbial community
structure during ripening. In contrast, probiotic cheese samples were more
dispersed (blue color) and did not show a consistent separation between
samples or sampling days.
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Fig. 3.8.1.2. Bacterial community clustering using principal component
analysis (PCA) in coated regular and probiotic Edam-type cheeses before
and after ripening
LAWPC — liquid acid whey protein concentrate; R — regular cheese; P — probiotic cheese;
C — control; L. p — Lacticaseibacillus paracasei A11; Because different milk batches were
used, R and P cheeses were analyzed and interpreted independently, and no direct statistical

comparison was made between them. Results are presented in duplicates. Colors indicate
samples and symbols indicate sampling time.

Within regular cheese samples, PERMANOVA confirmed a significant
effect of ripening time on bacterial community composition (p < 0.05),
whereas sample type had no significant effect (p > 0.05). A significant sample
x day interaction was observed (p < 0.05). However, pairwise PERMANOVA
comparisons showed no significant differences between individual samples at
either sampling day (p > 0.05).

In probiotic cheese, microbial community structure was not significantly
affected by sample type, ripening day, and their interaction (PERMAVOVA,
p>0.05).

3.8.2. Protein digestibility of Edam-type cheese

The different complexity of coated regular and probiotic Edam-type cheese
samples is reflected in variations in protein solubilization and digestibility
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during in vitro digestion after 45 days of ripening and the results are presented
in Figure 3.8.2.1.
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Fig. 3.8.2.1. Protein fractions (a) and in vitro digestion efficiency (b) of
regular and probiotic Edam-type cheese after ripening

LAWPC - liquid acid whey protein concentrate; R — regular cheese; P — probiotic cheese; C —
control; L. p — Lacticaseibacillus paracasei A11; Dy, . — digestibility based on size exclusion
chromatography. Because different milk batches were used, R and P cheeses were analyzed
and interpreted independently, and no direct statistical comparison was made between them.
Different lowercase letters (a—c) indicate significant differences (p < 0.05) among R chee-
se samples, and different lowercase letters (x—z) indicate significant differences (p < 0.05)
among P cheese samples. Results are presented as mean of duplicates.
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In regular cheese samples, protein solubilization increased significantly
(» < 0.05) in R + LAWPC (88.2%), whereas a decrease was observed in
R + LAWPC + L. p (85.2%), compared with the control R (C) (87.0%)
(Fig. 3.8.2.1a). Conversely, the probiotic cheese samples the soluble protein
fraction was significantly highest (p < 0.05) in P+ LAWPC + L. p (80.3%),
followed by P+ LAWPC (77.5%) and P (C) (76.7%).

Among the regular cheese samples, the control R (C) showed the
significantly highest small peptide content (86.6%, p < 0.05). Application
of the LAWPC + L. p coating significantly decreased (p < 0.05) the value
to 86.2%, and the LAWPC coating reduced it further to 85.8% compared
to control (Fig. 3.8.2.1b). In contrast, in the probiotic cheese samples, a
significant increase (p < 0.05) in small peptide content was observed in P
+ LAWPC (86.3%) and P + LAWPC + L. p (86.4%) compared with P (C)
(86.2%).

In the regular cheese samples, digestibility based on size exclusion
chromatography (D) decreased significantly (p < 0.05) in R + LAWPC
+ L. p (73.5%) compared with R + LAWPC (75.7%) and R (C) (75.4%). As
opposite, in probiotic cheese samples edible coatings significantly increased
(p<0.05) Dy, with the highest value observed in P+ LAWPC + L. p (69.4%),
followed by P+ LAWPC (66.9%) and P (C) (66.1%).
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4. DISCUSSION

4.1. Screening and functional characterization of lactobacilli for
incorporation into edible coatings

Many LAB strains have been classified as probiotics and fermented
vegetables, meat and milk products are an excellent source of such LAB
[7,233]. However, probiotic properties are strain-specific and cannot be
assumed at the species level [234]. Only selected strains are able to tolerate
gastrointestinal conditions, bile salts and show antimicrobial activity [235].
For this reason, INFOGEST in vitro digestion protocol was applied in our
study as a selective tool to isolate acid and bile-tolerant, potential probiotic
lactobacilli from fermented milk, ensuring that only strains capable of
surviving simulated gastrointestinal conditions were selected for further
evaluation and potential application in edible coatings. From 20 processed
samples, 22 colonies were grown, of which more than half showed pheno-
typic characteristics typical of Lactobacillus. Molecular identification
confirmed four isolates as Lactobacillus spp., including three Lacticasei-
bacillus paracasei and one Lactiplantibacillus plantarum, indicating that
fermented milk remains a reliable source of technologically relevant potential
probiotics. The predominance of L. paracasei among the identified isolates is
consistent with previous studies reporting its isolation from fermented food
products, including fermented milk and cheese [236].

Although probiotic bacteria have demonstrated health benefits, the use
of newly isolated microorganisms may lead to undesirable effects, such
as antibiotic resistance and hemolytic activity [237,238]. In this study,
v-hemolysis among all tested lactobacilli (L. paracasei A161-1, L. paracasei
All, L. paracasei A173-2, and L. plantarum A154-d1) confirms their
suitability for food-related applications. Reported studies showed that most
of the isolates from various dairy matrices were also y-hemolytic [239-241].
Antibiotic susceptibility profiling supported strain-specific differences
in safety potential. All of the tested strains were sensitive to ampicillin,
erythromycin, clindamycin, streptomycin, gentamycin, kanamycin, and
tetracycline. However, all strains exhibited resistance to vancomycin above
the breakpoint established by EFSA (2012). The intrinsic resistance to
vancomycin observed in all isolates is well documented in lactobacilli and
is attributed to the intrinsic resistance mechanisms [64,242]. In addition,
L. paracasei A161-1 and L. paracasei A173-2 exceeded cut-off values for
chloramphenicol, a finding that is consistent with reports documenting
chloramphenicol resistance among lactobacilli strains [243,244]. Based on
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these safety assessments, only L. paracasei A1l and L. plantarum A154-d1
were selected for further experiments.

Certain enzymes produced by microorganisms can affect human health. For
instance, B-glucuronidase and B-glucosidase convert aromatic hydrocarbons
and amines into active carcinogenic compounds, thereby increasing the risk
of colon cancer [245]. In this study, enzymatic profiling showed no activity
of B-glucuronidase, though L. plantarum A154-d1 was found to produce
strong B-glucosidase activity. Other studies reported B-glucuronidase and
B-glucosidase activity in 99 tested LAB strains [246]. In contrast, both isolates
exhibited strong leucine and valine arylamidase activity, with higher activity
observed in L. paracasei All. Such aminopeptidase activity is considered
desirable for starter or adjunct applications, as these enzymes release free
amino acids during cheese ripening, which can be further metabolized by
bacterial enzymes and contribute to flavor development [247]. Given that the
lactobacilli were screened for incorporation into edible coatings subsequently
applied to Edam-type cheese, the enzymatic profile of L. paracasei A11 was
particularly relevant.

LAB possess enzymatic and metabolic activities that are important for
dairy applications, including proteolysis, lipolysis, and acidification, and
the technological profile of L. paracasei A11 indicates its suitability when
specific biochemical activity is required. Positive caseinolytic activity of
the tested strain is considered an important technological trait intended for
cheese production, as it enables the breakdown of milk proteins into peptides
and amino acids that support bacterial metabolism and contribute to flavor
development during ripening [248]. The strain showed negative extracellular
proteolytic and lipolytic activities, similar to those results obtained by other
authors [249]. Lipolytic activity in certain LAB enables the hydrolysis of
glycerides and FA, which can influence flavor development in dairy products
[250]. Since oils are included in edible coatings mainly for their hydrophobic
properties, the absence of lipolytic activity in L. paracasei All indicates
that the strain is unlikely to hydrolyze lipids in the coating matrix, thereby
reducing the risk of lipid-derived off-flavors such as bitterness. In addition,
the moderate-to-high acidifying activity of the strain represents another
desirable trait since this attribute may contribute to inhibition of spoilage or
undesirable microorganisms through a reduction pH [251].

The ability of LAB to ferment carbohydrates is essential, since energy
generation in these microorganisms depends largely on carbohydrate
metabolism [252]. Results showed that L. paracasei A11 was capable to
catabolize fifteen carbohydrates, which is consistent with results reported
by other researchers [253]. The ability of the strain to ferment lactose,
glucose, and galactose is particularly relevant for dairy applications, as these
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carbohydrates are commonly present in milk and cheese [254]. As lactose
is a major carbohydrate component of whey and whey permeates [255],
this fermentation profile indicates that L. paracasei All is well suited for
incorporation in whey-based edible coatings.

Microbial contamination of cheese surface by spoilage microorganisms
and fungi can cause undesirable changes in appearance, texture, flavor, and
odor [167,256]. Because of that, different food spoilage microorganisms,
pathogenic bacteria, yeasts, and molds were selected to assess antibacterial and
antifungal activity of L. paracasei A11. The results showed strong antibacterial
activity of L. paracasei A1l against foodborne pathogen L. monocytogenes,
a major safety concern in the ready-to-eat dairy products [257], supporting
the potential use of this lactobacilli strain in edible coatings as a bioprotective
culture. The pronounced inhibitory activity against D. hansenii is noteworthy,
as this yeast is frequently associated with semi-hard cheese surface spoilage
and has been reported to negatively affect the organoleptic properties of
fully ripened Raclette cheese [258,259]. Moderate inhibition by L. paracasei
A1l of microorganisms such as P. fluorescens, B. thermosphacta, E. coli,
P. aeruginosa, B. cereus, and A. versicolor are particularly relevant to the
cheese industry due to their association with food spoilage, hygiene issues,
and food safety concerns in dairy products [260-262]. Low or no inhibitory
effects were observed against fungi such as C. herbarum, Y. lipolytica,
C. glabrata, P. commune, C. albicans, M. racemosus and for bacteria inclu-
ding S. Typhimurium and S. aureus. These findings are consistent with those
reported by Ramos-Pereira et al. (2021), where only seven out of 56 tested
strains exhibited antifungal activity, with L. paracasei showing the strongest
effect [263]. In contrast, other studies have described strong antifungal
activity of L. paracasei against Mucor racemosus [264], an effect that was
not observed in the present study, highlighting the strain-dependent nature of
antifungal activity [265]. Furthermore, LAB exposed to stress were found to
be associated with FA, amino acids, and carbohydrates content, which may
play an important role in antibacterial and antifungal behavior, suggesting
that lactobacilli could express stronger properties in real food matrices than
under in vitro conditions [266].

In humans, gastric acid pH typically ranges from 1.5 to 2.0 [267], and
after passage through the stomach, microorganisms are exposed to bile
concentrations of 0.3 — 0.5% in the upper intestine [268]. Therefore, the
ability to survive under acidic conditions and in the presence of bile salts is
considered a key functional property of probiotic microorganisms [269]. Our
study showed that L. paracasei A11 expressed acid resistance up to 100%,
which is consistent with previous reports showing L. paracasei high resistance
to acidity [237,270] and supports its potential to remain viable during
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digestion. Interestingly, research shows that L. paracasei strains isolated from
dairy samples exhibited the highest tolerance to bile salts, with survival rates
of at least 50% [271]. Therefore, L. paracasei A1l was expected to display
the same result. Although exposure to higher bile salts concentrations reduced
the viable counts, the survival rate reached 73%. Overall, the high resistance
of L. paracasei A11 to both bile salts and acidic conditions indicates strong
gastrointestinal resilience. This outcome supports the application of the
INFOGEST in vitro digestion protocol to fermented cow’s milk prior to strain
isolation as an effective screening strategy for selecting potential probiotic
strains, while significantly reducing the number of isolates and subsequent
analytical workload.

4.2. Cultivation behavior of L. paracasei A11 in whey-based media

MRS broth is widely used for the cultivation of LAB due to its rich nutrient
composition, although its relatively high cost and time-consuming biomass
processing procedures limit its application to specific laboratory settings
[272,273]. In contrast, whey-derived products such as LAWPC and LAWP
represent sustainable cultivation media for certain acid-tolerant LAB and
enable the valorization of acid whey, which is frequently disposed as waste
[274]. Flask cultivation was used to assess the biomass yield of L. paracasei
A1l in different whey-based media, while bioreactor cultivation was used to
evaluate the growth kinetics of the strain and suitability for controlled and
large-scale technological applications [275]. In both cultivation systems,
the growth behavior of L. paracasei All reflected variations in nutrient
availability and buffering capacity of the tested media. As expected, MRS
broth supported rapid growth and strong acidification, which is rich in
nutrients, required for the growth of lactobacilli strains [276]. Conversely,
the limited growth of L. paracasei A11 in LAWP further underscores the
importance of nutrient composition for LAB proliferation [277]. Even though
LAWP contains lactose as an energy source, it is deficient in nitrogenous
compounds, peptides, and growth factors compared with LAWPC, which
likely limited L. paracasei A11 growth under these conditions. On the other
hand, LAWPC supported slower but stable growth and limited acidification,
but still resulted a gradual increase in viable counts due to high content of
vitamins, minerals, and lactose [132]. It has been reported that LAB growth in
acid whey can be enhanced by supplementation with 0.5% milk phospholipids
[278], 50% dairy ingredients [279], and low levels of yeast extract [280,281].
In our case, LAWPC was not enriched with growth promoting additives, yet
supported L. paracasei A1l cultivation. This behavior was confirmed under
bioreactor conditions, demonstrating its potential as sustainable and ready to
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use medium for LAB growth that can be applied in subsequent technological
processes.

The metabolic activity of LAB in cultivation media is largely governed
by carbohydrate utilization and organic acid production, which determine
bacterial growth, acidification behavior, and technological functionality
[4,282]. The differences in carbohydrate utilization and metabolite production
of L. paracasei A11 in MRS broth, LAWPC and LAWP indicate a significant
influence of substrate composition on bacterial metabolism. In previous
studies, MRS broth was supplemented with carbohydrates to evaluate their
effects on LAB growth and lactic acid production, and glucose, fructose and
certain disaccharides appeared to be the most effective substrates [283]. In
our study, glucose was already present in MRS broth, which supported rapid
sugar utilization and high production of D/L lactic acid and D/L lactate. In
contrast, whey-based media contained lower glucose and galactose levels
but higher lactose levels. Despite this difference, LAWPC supported active
cultivation and high production of D/L lactic acid and D/L lactate, indicating
that L. paracasei A1l can efficiently utilize whey-derived substrates. The
lower organic acid production observed in LAWP is consistent with reduced
nutrient availability, particularly carbohydrate deficiency.

4.3. Influence of L. paracasei A11 on the properties of whey-based
edible coating solutions and films

LAWPC and LAWP were used in edible coating formulations to compare the
properties of different whey products and evaluate their suitability for coating
development. Four coating formulations were prepared: LAWPC (C), a liquid
acid whey protein concentrate-based control coating; LAWP (C), a liquid acid
whey permeate-based control coating; LAWPC + L. p, a liquid acid whey
protein concentrate-based coating containing the incorporated L. paracasei
All;and LAWP + L. p, aliquid acid whey permeate-based coating containing
the incorporated L. paracasei A11.

Analysis of the rheological properties of edible coating solutions is
important since viscosity and flow properties determine the coating application,
spreading behavior, and uniformity of the resulting film on food surfaces
[284,285]. All film-forming solutions exhibited shear-thinning behavior that
are favorable for practical application [286]. The lower shear stress values of
LAWP compared to LAWPC solutions indicated lower viscosity, making them
suitable for spraying [287]. In contrast, LAWPC control solutions were the
most viscous and better suited for product immersion due to the higher solids
content of the total solution. The addition of L. paracasei A1l to LAWPC
solution resulted in a decrease in viscosity, as indicated by lower shear stress
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values at all shear rates compared to LAWPC control solution. This indicates
that LAB affects the viscosity of the film-forming solutions, most likely by
modifying the structural network of the solution. These results are consistent
with other studies, which observed that LAB encapsulated in gelatin film-
forming solutions also significantly reduced viscosity [288].

It is necessary to evaluate the physicomechanical and optical properties
of edible films, as they can directly affect the food product [289,290]. The
observed differences between LAWP and LAWPC films reflect variations in
base composition and bacterial incorporation. Films produced from LAWPC
were thicker and had lower moisture content, resulting in reduced flexibility
than those prepared from LAWP, due to higher dry matter of the solution.
This behavior can be attributed to the formation of a more compact matrix in
the LAWPC film, resulting from the interaction of proteins, polysaccharides,
and other solid particles, which increased the overall structural density of the
film [291]. However, the addition of L. paracasei A1l to the LAWPC-based
film improved the elasticity, possibly due to enzymes produced by LAB, such
as proteases or glycosidases, that partially alter proteins or polysaccharides
in the film matrix, leading to a more flexible and less compact network
structure [40,292]. Optical properties were also affected by the composition
of the film. LAWPC films showed higher opacity and lower lightness than
LAWP, which was expected since the thickness of the LAWPC films was
higher. Nevertheless, the incorporated LAB strain notably reduced the
opacity of the LAWPC film compared to control. In contrary, Ebrahimi et
al. (2017) and Sanchez-Gonzalez et al. (2014) reported that encapsulation of
live microorganisms in films can increase light scattering, thereby increasing
opacity [232,293]. In our study, the presence of L. paracasei A11, cultivated
in LAWPC likely impacted the film transparency due to the physical presence
of bacterial cells and metabolites that interact with matrix components such
as proteins and polysaccharides, altering light transmission. Moreover, the
lower a* and higher b* color coordinates of LAWPC films compared with
LAWP films can be attributed to the content of solid particles and the yellow
color of LAWPC.

SEM analysis was performed to examine the microstructure of the
LAWPC and LAWP film samples. Results showed that the LAWPC-based
films exhibited irregular, uneven surfaces with crystallized areas, indicating
an excess of solid particles in the composition. In contrast, the LAWP-based
films, especially the control film sample, exhibited surface cavities that were
more prominent than the LAWP + L. p sample. LAB are known to form
biofilms, structured communities of microorganisms embedded in a self-
produced extracellular polymeric matrix [294]. This biofilm formation may
result in a smoother surface of the whey-pectin-based film, reducing the size
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of the observed cavities. In addition, EPS produced by LAB may interact with
the film material and alter its surface structure and morphology [89].

Evaluation of elemental composition is important for understanding the
chemical nature and uniformity of edible films. EDS results confirmed that
all films were dominated by carbon and oxygen, which are the components
of both edible films and LAB biomass. Carbohydrates and lipids in the
edible films are mainly composed by hydrogen, carbon, and oxygen [295],
while nucleic acids such as DNA and RNA contain hydrogen, carbon,
oxygen, phosphorus, and sodium [296]. Therefore, differences in elemental
composition between films may be influenced by the presence of L. paracasei
All, whose metabolic activity may affect the distribution of elements in the
matrix. Furthermore, interactions between LAB and other film components,
including pectin, proteins, and minerals, may altered the spatial distribution
or chemical state of these elements within the film structure [297].

Evaluation of LAB viability during film drying process and storage is
essential because the efficacy of edible coatings containing live bacteria
depends on their ability to maintain viable cell populations over time. The
differences observed between LAWPC and LAWP films indicate that film
composition had an important role in maintaining L. paracasei A11 viability
during drying and storage. The higher survival of the strain in LAWPC films
compared with LAWP films after drying indicates a protective effect associated
with the higher nutrient availability of the LAWPC matrix. The higher protein
and total dry matter content of LAWPC, including fermentable sugars, likely
contributed to the better stability of LAB during the drying process [298].
Similar protective effects of protein-based films on LAB survival have been
reported in whey protein-based [299] and whey protein isolate-based films
[300]. In our study, during refrigerated storage, LAB viability declined in both
film formulations, which is consistent with previous studies reporting gradual
loss of bacterial viability over time in dried samples due to storage stress
[301]. However, the higher survival rate in LAWPC-based films throughout
the storage period suggests that the presence of nutrients and the associated
moisture retention contributed to the better stability of bacterial cells [24].
In contrast, the faster degradation observed in LAWP-based films may be
related to their lower protein content and reduced ability to protect cells from
oxidative and desiccation stress, as observed in other whey permeate-based
films [302].

71



4.4. Effects of edible coating with L. paracasei A11
on Edam-type cheese quality

The pH of the cheese curd matrix is a key parameter in cheese production,
influencing processing steps, microstructure, rheological properties,
microbiological changes, and overall product quality and safety [303].
During the experiment, across ripening and storage, pH changes developed
similarly in regular and probiotic Edam-type cheeses. The main difference
between the two groups of cheeses was the presence of L. plantarum Tensia
as an adjunct culture in the probiotic cheeses. In the present study, both
cheese groups showed a gradual rise in pH as ripening progressed, indicating
ongoing ripening, consistent with the findings of Sabikhi et al. (2013),
who reported that the pH of both control and probiotic Edam-type cheeses
increased progressively and more or less uniformly throughout the ripening
period of 3 months [304]. Nevertheless, our results also revealed that R (C)
and P (C) consistently exhibited higher pH than the LAWPC-coated samples,
especially LAWPC + L. p-coated samples, in both regular and probiotic
groups. Similar findings have been reported by other authors, who observed
lower pH in ripened cheeses treated with probiotic coatings compared with
uncoated controls [209,305]. This outcome could be explained by the low pH
of the coatings, which is caused by the acidic nature of whey and the active
metabolism of LAB that convert lactose into lactate, thereby producing lactic
acid [160,163,306]. This explanation is further supported by earlier findings
from L. paracasei All cultivation studies in dairy byproducts, where the
strain demonstrated effective lactose fermentation and acid production.

A, measurement is essential in food products, as it is directly related to
practical aspects and microbiological safety [307]. The average a  in semi-
hard cheeses, including Gouda and Edam is 0.95 — 0.96, but this value depends
on the exact position within cheese and it changes during brining and ripening
due to salt and water migration [307-309]. Through ripening and storage
the decrease in a_ in both regular and probiotic Edam-type cheeses can be
attributed by the addition of salt and its penetration into cheese, hydrolysis
of proteins, amino acids, and triglycerides [310,311]. In our research,
differences among samples further shaped a  changes: the particularly low
a_ on day 45 in regular and probiotic cheese samples covered with LAWPC
+ L. p suggested that microbial metabolism or interactions between bacteria
cells and coating components reduced the moisture retention capacity of the
coating [310,312,313]. By the end of storage, coating composition influenced
moisture redistribution differently in the two cheese groups, reflected in
highera in R+ LAWPC + L. p sample in regular cheese group and higher a_
in P+ LAWPC sample in probiotic cheese group. The reasons for these group-
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specific differences have not been clearly established and may be related to
several interacting factors during ripening and storage.

The observed DM patterns reflected how each sample influenced moisture
during ripening and storage, rather than showing absolute differences between
coated and uncoated cheeses. In the regular cheese group, the higher DM
content in R (C) sample at the end of ripening indicated greater moisture
loss compared with coated samples, which retained more water due to the
barrier properties of the applied coatings [314,315]. By the end of storage,
the higher DM in the R + LAWPC + L. p sample indicated that prolonged
storage modified moisture migration within the coated cheese samples. In the
probiotic cheese group, the opposite dynamics, with higher DM on day 45 in
P+ LAWPC, followed by higher DM in P (C) on day 135, demonstrated that
moisture redistribution did not follow a uniform pattern. This phenomenon
appears to be sample-specific and may reflect the combined effects of the
interaction of ripening time, coating presence, and cheese matrix, rather than
a single controlling factor.

The optical transparency of edible coatings is important for maintaining
the natural appearance of food products [316]. In this study, the absence of
significant AE changes in regular cheese group indicates that the LAWPC
coating did not alter the surface color, which is consistent with studies
showing that protein-based edible coatings are generally transparent and
have no or little influence on optical properties [317-319]. Meanwhile, AE
increased during storage in probiotic cheeses, a pattern consistent with reports
that color changes in ripened cheeses naturally progress due to biochemical
and environmental factors rather than coatings [11]. The lack of a significant
sample x day interaction further indicates that LAWPC coatings, with or
without L. paracasei A11, did not differentially influenced probiotic cheese
color changes.

FA are known to significantly influence the bioactivity, aroma, and flavor
of ripened cheese [320]. Since regular and probiotic Edam-type cheeses were
made from different milk batches and contained different microbial cultures,
they represent two distinct biochemical systems. As a result, the LAWPC
coatings, with or without L. paracasei A11, influenced FA profiles and LQI
differently in regular and probiotic cheese groups during ripening and storage.
On day 1, the absence of differences between samples in both cheese groups
was expected, as FA composition reflects milk origin and initial processing
conditions [321].

In the regular cheese group on day 45, most FA groups and LQI changed
within treatments, and trans FA content was significantly higher in R (C)
compared with R + LAWPC sample. Whey-protein-based coatings can
function as effective gas barriers under low humidity and also limit the
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transfer of aromatic compounds and oils, which may contribute to these
observed differences [322]. By day 135, the sample coated with LAWPC + L.
p coating exhibited the most pronounced changes, characterized by reduced
SFA and increased UFA compared to R (C), indicating improved lipid ratio
[323]. These FA shifts were also accompanied by lower Al and higher DFA,
both of which are considered favorable indicators of lipid quality [321,324].
The strong leucine and valine arylamidase activities of L. paracasei A11 (API
ZYM score 5) indicate active proteolysis, which can influence the ripening
microenvironment by altering pH, redox conditions, and peptide availability
[325-328]. Such microenvironmental changes may indirectly modulate
lipolysis and FA oxidation, contributing to UFA preservation and supporting
the observed changes in Al and DFA [329]. The reduction in LCFA and SCFA
in the LAWPC + L. p-coated sample compared with the control may reflect
shifts in lipolysis linked to coating matrix, as also observed by Saravani et al.
(2019), where coated Cheddar cheese showed lower SCFA content compared
to control due to more intensive lipolysis [330]. The esterase activity profile of
L. paracasei A11 (C4 =2; C8 = 1; C14 = 0) further suggest moderate activity
toward short-chain substrates, which can shift the SCFA/LCFA balance in
the product [331]. The higher n6/n3 ratio and trans FA in the LAWPC + L. p
sample at the end of storage may be also related to interactions between the
coating components in incorporated bacteria [332].

In the probiotic cheeses, both coatings resulted higher SFA and LCFA
and lower MUFA and UFA on day 45 compared with P (C), whereas PUFA,
MCFA, and SCFA remained unchanged. These differences indicate that the
coatings did not affect all FA groups uniformly but mainly influenced the
balance between saturated and unsaturated fractions. The probiotic cheese
contained L. plantarum Tensia as an adjunct culture, and this species is known
to metabolize linoleic acid and produce UFA-derived metabolites, including
CLAisomers, in cheese [333,334]. To increase coating surface hydrophobicity,
sunflower oil was added to the composition, which provided an additional
source of linoleic acid [316,335]. PUFA from plant oils are prone to oxidation
and isomerization during storage, particularly at the cheese surface, where
moisture, oxygen availability, and microbial metabolism interact [336,337].
Such activity can divert unsaturated FA toward alternative pathways rather
than increasing their total concentration, which may explain the lower MUFA
and UFA detected in coated samples despite microbial activity [338,339].
Also, these processes may account for the slightly higher omega-6 and
lower omega-3 contents, and for the higher n6/n3 ratio, Al, and TI values in
coated cheeses. By day 135, the probiotic control cheese showed increasing
SFA, TI, and n6/n3 and declining MUFA, UFA, and omega-3, indicating
progressive oxidation during ripening. In contrast, coated probiotic cheeses
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showed reduced LCFA and increased SCFA, suggesting surface-level shifts
in lipolysis influenced by the coating matrix, consistent with studies showing
that whey-protein coatings can modify oxygen transfer and alter lipid-related
reactions at the cheese surface [160]. The trans FA increased in all samples
during storage, which is more consistent with oxidation-related isomerization
rather than treatment effects.

The microbiota of cheese contributes significantly to the development of
its visual characteristics, texture, flavor, and aroma [340]. For this reason,
microbial behavior in regular and probiotic Edam-type cheeses was examined
during ripening and storage. Microbial patterns developed differently in
the cheese matrix and at the surface, reflecting the distinct environmental
conditions and the influence of the coatings.

At the beginning of ripening, TBC and LAB counts were higher in regular
and probiotic cheese matrix coated with LAWPC + L. p, which is attributed
to the direct introduction of viable cells from the coating and their initial
transfer into the cheese matrix, rather than to microbial growth. L. plantarum
was detected only in probiotic cheese samples, at approximately 6.16 log
CFU/g, representing the initial level of adjunct culture in the cheese matrix.
After 45 days of ripening, LAB counts decreased in regular cheeses matrix
but increased in probiotic cheeses matrix. On the same day, coated samples
showed higher TBC than controls, but by day 135, the highest counts were
observed in the control samples, which is consistent with research showing
non-starter lactic acid bacteria (NSLAB) gradual increase in control cheese
by the third month of ripening [341]. By the end of storage, TBC in the cheese
matrix increased steadily in both cheese groups, which is consistent with
typical ripening dynamics where NSLAB gradually dominate as ripening
process progresses [342]. LAB counts in the probiotic cheese matrix had
decreased, while L. plantarum remained detectable only in probiotic cheeses
and increased over time. This trend agrees with reports showing that starter
LAB increase during production and early ripening of Cheddar cheese, after
which their numbers decline as lactose is utilized [341], allowing L. plantarum
and other NSLAB to become dominant [343].

On day 1, microbial development on the cheese surface differed markedly
between samples. TBC, LAB and L. paracasei counts were detected only
on the surfaces of regular and probiotic cheeses coated with LAWPC + L. p.
These counts correspond to the initial inoculated level and early survival
of the incorporated strain on the cheese surface. By day 45, surface TBC
increased in all cheeses, with the highest counts observed in R (C) and P (C),
contrary to cheese matrix results, which is consistent with findings that cheese
rind supports microbial proliferation due to higher pH and oxygen exposure
compared to cheese core [344]. LAB and L. paracasei counts increased and
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were only detected in regular and probiotic cheese samples covered with
LAWPC + L. p coating. By day 135, surface TBC and LAB counts were
lower in R (C) and P (C). However, on the same samples, including regular
cheese coated with LAWPC coating, showed detectable mold and yeast
growth. In contrast, no yeast and mold counts were detected on the surface
of either regular or probiotic cheeses coated with LAWPC + L. p, in which L.
paracasei counts increased during storage. Similar results have been reported
by other researchers, who showed that whey coatings containing probiotic
cells delayed visible fungal growth on whole Gruyere cheeses until day 60
[345] and effectively prevented microbial spoilage in semi-hard Flamengo
cheese for at least 30 days [177]. In addition, antifungal effect observed
in our study may be attributed to the activity of L. paracasei incorporated
into the coating, as this species is known to inhibit yeasts and fungi through
the production of antimicrobial metabolites such as lactic acid [346]. This
explanation is further evidenced by the antifungal properties of L. paracasei
A11, determined during strain characterization experiments in vitro.

Edible coatings provide several functional advantages in cheese
production. They can prevent moisture loss, improve physicochemical and
optical properties, provide a protective shield against microbial contamination
[161,347]. In addition, they can contribute to the sensory attributes of cheese.

Sensory analysis demonstrated that edible coatings and incorporated L.
paracasei All influenced the overall sensory quality of both regular and
probiotic Edam-type cheeses during ripening and storage. At the end of
ripening (day 45), cheeses coated with LAWPC + L. p received the highest
scores for flavor and overall acceptability in both cheese groups. LAB are
known to produce different metabolites that can modify structure and flavor
of food products [25], and in the present study the presence of L. paracasei
A1l likely contributed to the sensory differences. In regular cheeses, the
LAWPC + L. p coating increased the sensory acceptance by adding mild
acidity, which complemented the typically mild flavor profile of Edam-type
cheese. In contrast, other studies have reported no significant sensory changes
when probiotic bacteria were incorporated into whey-based coatings, such as
the addition of Bifidobacterium animalis subsp. lactis BB-12 to Mozzarella
cheese [348], indicating that sensory effects depend on the strain used and
the cheese type. In our study, probiotic cheeses were described as relatively
salty, which may reflect differences in salt perception between consumer
groups, which have been reported previously [349,350]. In this context,
cheeses coated with LAWPC + L. p received higher flavor and overall
acceptability scores. The whey-protein coating containing L. paracasei A1l
may have contributed additional surface acidity, which is known to balance
salt perception and reduce perceived saltiness, thereby improving overall
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flavor acceptance. After prolonged storage (day 135), the positive effect of
the LAWPC + L. p coating was more pronounced. In regular cheeses, R +
LAWPC + L. p resulted in higher scores for flavor, appearance, and overall
acceptability compared with R (C), while LAWPC-coated samples showed
improved body and texture despite a general decline in appearance between
days. Similar effects have been reported for edible coatings, which potentially
help to stabilize food products by maintaining the structural integrity of the
food [322]. In probiotic cheeses, P + LAWPC + L. p received the highest
scores for flavor, appearance, body and texture, and overall acceptability, and
was the only sample without a significant decline in appearance by the end
of storage.

4.5. Microbiome behavior and proteolytic changes in coated
Edam-type cheese

The behavior of LAB, L. paracasei A11, and L. plantarum Tensia in regular
and probiotic Edam-type cheeses showed that both the LAWPC coating and
the added probiotic strains influenced microbial dynamics during ripening and
digestion. The increases in LAB and L. paracasei during 45 days of ripening,
together with the stable survival of L. plantarum in probiotic cheeses, match
observations that LAB remain active throughout the maturation of semi-hard
cheeses, contributing to ongoing metabolic activity and microbial stability
during ripening [25]. After digestion, reductions in LAB and L. paracasei
correspond to known sensitivity of LAB to acidic and bile conditions
[235,351]. Although L. paracasei All itself is acid- and bile-tolerant,
its viability decreased when incorporated into the LAWPC coating. This
aligns with findings that whey-based films can present a more challenging
environment due to lower moisture and higher oxygen exposure compared
with the cheese matrix [100,312]. Nevertheless, despite the reduction in viable
cells, L. paracasei remained detectable after digestion, supporting its ability
to persist during gastrointestinal transit. In contrast, L. plantarum survived
well in the cheese matrix, reflecting the buffering capacity and higher nutrient
availability of semi-hard cheese, which provides more affective protection
during digestion [352-354].

Whey-based edible coatings used in cheese are formulated primarily to
extend shelf life and provide barrier properties [25], and therefore they gene-
rally have a limited effect on cheese microbiota, which is mainly governed by
the activity of SLAB and NSLAB [190]. Accordingly, the relative abundance
results were consistent with the general microbial patterns observed in Edam-
type cheeses. Lactococcus remained the dominant genus in all samples,
which agrees with findings showing that Lactococcus typically maintains
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a strong competitive advantage due to its rapid growth and acidification
capacity during early cheese development [7,355]. The small shifts observed
in Streptococcus, such as the slight increase in regular coated cheeses and
the small decrease in probiotic cheeses were minor and did not change the
overall community composition. The non-dominant genera remained below
1%, which is consistent with published cheese-microbiome studies showing
that NSLAB, initially present at low levels, typically proliferate during
ripening and become dominant in aged cheeses [356]. In our case, the Edam-
type cheese is relatively young and mild, which explains why NSLAB levels
were still low at the end of ripening. The presence of Lacticaseibacillus and
Lactiplantibacillus at very low abundance corresponds to their intentional
introduction through the coating or adjunct culture. The absence of significant
differences among samples or days further supports that the coatings and
probiotics did not disrupt the core microbiota and were specific to certain
samples [357]. The single significant change observed for Anoxybacillaceae
in regular cheese appears to represent an isolated fluctuation rather than a
trend.

The PCA results showed that regular cheese samples clustered tightly and
shifted clearly between day 1 and day 45, indicating a consisted ripening-
related evolution of the microbial community. This trend is consistent with
earlier findings in Edam-type cheeses, where microbial development during
ripening follows a structured trajectory affected by time rather than sample
differences and dominated by SLAB [358]. The significant effect of ripening
day in regular cheeses confirmed that time was the main factor of microbial
change, while the lack of differences between samples indicates that the
LAWPC + L. p coating did not disrupt the community dynamics. Conversely,
the probiotic cheese samples showed a more dispersed PCA pattern and did not
significantly differ between days or samples. Similar to our findings, Bettera
et al. (2023) reported that adjunct cultures increased microbial abundance in
semi-hard cheeses but did not lead to consistent or statistically significant
differences during ripening [359].

Proteins in semi-hard and hard cheeses are slower to digest than those in
soft cheeses due to their lower moisture content and more compact protein
matrix [360]. Technological interventions, such as edible coatings, may
therefore influence proteolysis and protein digestibility in these cheeses.
In the present study, application of the LAWPC coating in regular cheeses
increased protein solubilization, whereas adding L. paracasei All to the
coating lowered solubilization, small peptide content, and D, . compared to
R (C). These findings indicate that incorporation of potential probiotic culture
into LAWPC coating did not alter the primary proteolytic pathway of Edam-
type cheese, consistent with established proteolytic mechanisms in cheese
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[361,362]. This outcome is consistent with the in vitro characterization of
L. paracasei All, which showed an absence of extracellular proteolytic
activity, as also reported by other authors [363]. In probiotic cheeses, the
coating with L. paracasei All increased soluble protein, small peptide
content, and D, ., suggesting enhanced protein digestibility. L. plantarum
Tensia is known to express proteolytic properties in vitro, including the ability
to release bioactive dipeptides with ACE-inhibitory potential [364]. Although
L. paracasei All lacked extracellular proteolytic activity in the in vitro
strain characterization experiments, its positive caseinolytic activity suggests
a potential contribution to casein degradation [365,366]. This profile may
explain why L. paracasei A1l alone did not enhance protein digestibility in
regular cheese yet contributed positively when combined with L. plantarum
in probiotic cheese. In this setting, L. plantarum Tensia is likely to remain the
main contributor to protein breakdown. The effects observed for L. paracasei
A1l on solubilization and digestibility may be associated with its caseinolytic
activity, as reported for Lactobacillus strains isolated from fermented dairy
products [229]. However, further research is required to clarify these findings.
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CONCLUSIONS

1. A total of 22 colonies were isolated from 20 fermented cow’s milk
samples that were digested using the harmonized INFOGEST in vitro
digestion method:
1.1.Out of 22 isolated colonies, 4 strains (18%) were identified as

Lactobacillus spp., including Lacticaseibacillus paracasei and
Lactiplantibacillus plantarum.

1.2. Among these 4 tested strains, L. paracasei All showed the
most suitable safety, technological, and probiotic properties.
These include absence of hemolytic activity, sensitivity to tested
antibiotics (with expected intrinsic resistance to vancomycin),
strong tolerance to acid and bile salts (100% survival at pH 2.5;
73% at 1% bile), and antimicrobial activity against spoilage and
pathogenic microorganisms, with inhibition zones up to 25 mm
against yeasts and 15 mm against Listeria monocytogenes in in
vitro experiments.

2. Cultivation of selected protective, potential probiotic lactobacilli in
dairy industry by-products demonstrated their suitability as growth
media:

2.1. L. paracasei A11 showed stable growth in LAWPC, reaching high
biomass yield (8.3 log,, CFU/g), compared to lower growth in
LAWP.

2.2.The strain actively utilized available carbohydrates and produced
lactic acid and lactate, indicating efficient metabolic activity in
LAWPC.

2.3. LAWP was less suitable for cultivation due to lower nutrient content,
resulting in lower LAB counts (6.30 log,, CFU/g) compared to
LAWPC.

3. Protective edible coatings based on dairy industry by-products and
cultivated lactobacilli were successfully developed and characterized:
3.1. Incorporation of L. paracasei A11 reduced the viscosity of LAWPC
film-forming solutions and significantly improved film elasticity
while reducing opacity (p < 0.05).

3.2.LAB counts in LAWPC-based coatings reached 7.67 log , CFU/g
after drying and remained at 5.21 log , CFU/g after 21 days of
storage at 4 °C, indicating higher viability compared to LAWP-
based coatings.
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4. Application of edible coatings on regular and probiotic Edam-type
cheeses improved their safety and quality during ripening and storage:
4.1.Coated cheeses showed significantly lower pH (p < 0.05) and

differences in a  and DM compared to control samples, while no
significant differences in AE were observed.

4.2.Edible coatings influenced the FA profile of cheeses. In regular
cheeses, coatings containing L. paracasei All resulted in lower
SFA and higher UFA, along with improved LQI (Al and DFA) at
the end of storage (p < 0.05). In probiotic cheeses, the effect was
less consistent, with changes in FA composition showing different
trends compared to regular cheeses.

4.3. L. paracasei counts on cheese surfaces increased during storage,
reaching up to 6.70 log CFU/g, supporting survival of incorporated
bacteria.

4.4. Coatings containing L. paracasei A11 effectively inhibited spoilage
microorganisms in both regular and probiotic cheeses, as mold and
yeast (2.30-2.97 log,, CFU/g) were detected only in control and
LAWPC-coated samples at the end of storage (day 135), while no
growth was observed in LAWPC + L. p samples.

4.5. Sensory evaluation showed that cheeses coated with LAWPC + L.
p had significantly higher (p < 0.05) scores for flavor and overall
acceptability (up to 85.96 points) compared with control samples.

5. Simulated gastrointestinal digestion demonstrated the functional
potential of coated cheese:

5.1. In vitro digestion significantly reduced LAB counts (p < 0.05) in all
cheese samples. However, L. paracasei remained detectable after
in vitro digestion (5.02-6.46 log , CFU/g), indicating persistence
under simulated gastrointestinal conditions.

5.2.Edible coatings with incorporated L. paracasei All did not
significantly affect the cheese microbiota composition (p > 0.05),
which remained dominated by Lactococcus spp. throughout
ripening.

5.3.The probiotic cheese matrix supported the presence of both
L. plantarum (administered as the probiotic adjunct culture
L. plantarum Tensia) and L. paracasei (L. paracasei All
incorporated into the edible coating), indicating their potential
coexistence within the cheese matrix. However, confirmation at the
strain level requires whole-genome sequencing.

5.4.Protein digestibility was influenced by coating composition.
In probiotic cheeses, coatings containing L. paracasei All
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were associated with higher digestibility, reaching up to 69.4%
(p < 0.05), whereas in regular cheeses no improvement in
digestibility was observed compared to control samples.
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RECOMMENDATIONS

. The use of an in vitro digestion model prior to strain isolation can be
applied as a tool for the selection of potential probiotic lactobacilli in
further studies.

. LAWPC is recommended as a suitable dairy industry by-product for
both lactobacilli cultivation and edible coating formulation.

. The strain L. paracasei A1l can be used in edible coatings without
additional protective components, simplifying coating formulation and
application in cheese production.

. Edible coatings containing protective, potential probiotic lactobacilli
may be applied in cheese production to control spoilage microorga-
nisms and extend product shelf life.

. The composition of edible coatings should be optimized, particularly
the type of oil used, in order to ensure consistent improvement of FA
profile in cheese.

. When applying edible coatings with incorporated lactobacilli to pro-
biotic cheeses, interactions between coating components and adjunct
cultures should be considered, as they may influence protein digestibili-
ty and other quality parameters.
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SANTRAUKA

Problemos aktualumas ir svarba

Pastaraisiais metais vis daugiau démesio skiriama nattralioms maisto pro-
dukty saugos ir kokybés gerinimo strategijoms [1]. Maisto saugos kontekste
vis dazniau vartojama ,,Svarios etiketés* koncepcija, apibiidinanti natiiralios
kilmés arba minimaliai apdorotas medziagas, uztikrinan¢ias mikroorganizmy
augimo kontrolg, taip maZzinant sintetiniy cheminiy priedy naudojimg. Tokios
priemongs atliepia augantj vartotojy poreikj saugesniems maisto produktams
[2,3]. Tarp jy ypatingas démesys skiriamas vietinés kilmés mikroorganiz-
mams, ypac pieno rigsties bakterijoms (PRB) [4].

PRB yra neatsiejama fermentuoty maisto produkty, ypa¢ pieno produk-
ty, dalis. Sios bakterijos dalyvauja konservavimo procesuose, formuoja sko-
nj, gerina tekstiirg ir prisideda prie produkto stabilumo [5]. Siiriy gamyboje
PRB, slopinancios nepageidaujamy mikroorganizmy augima, svarbios ne tik
fermentacijos ir brandinimo metu, bet ir uZtikrinant produkto sauga [6]. Si
poveikj lemia konkurenciné mikroorganizmy sgveika bei antimikrobiniy jun-
giniy, tokiy kaip organinés rtigstys ir bakteriocinai, gamyba [7].

PRB reik§mé ypa¢ svarbi vertinant siiriy kokybe ir sauga, kurios glaudziai
susijusios su produkto mikrobiologiniu stabilumu [8,9]. Nustatyta, kad Eu-
ropoje prarandama arba i$Svaistoma iki 20 proc. pieno produkty [10]. Lai-
kymo metu striai ypac jautriis bakterijy, mieliy ir pelésiy dauginimuisi [11].
Siy mikroorganizmy augimas lemia jvairius defektus — pavirsiaus pokyd&ius,
pigmentacija, nepageidaujamus kvapus ir skonius, taip pat dé¢l toksiniy meta-
bolity susidarymo gali kelti pavojy vartotojy sveikatai [12,13].

Siekiant sumazinti mikrobiologinés tarSos rizikg ir prailginti produkty
galiojimo laika, vis daugiau démesio skiriama valgomosioms dangoms ir
pléveléms. Tai tiesiogiai ant maisto produkto pavirSiaus formuojami ploni
maistiniy biopolimery sluoksniai, prisidedantys prie jo saugos uztikrinimo
[14]. Tokios dangos veikia kaip barjeras deguoniui, drégmei ir dujy apykaitai,
todel létina oksidacinius bei mikrobiologinius procesus ir prailgina produkty
galiojimo laikg [15,16]. Be to, Sios dangos gali buti naudojamos kaip funk-
ciniai neSikliai, leidZiantys jterpti antioksidantus, antimikrobines medziagas,
aromatinius junginius ar probiotikus [17,18].

Valgomyjy dangy kaip probiotiky neSikliy naudojimas sudaro galimy-
bes kurti funkcinius maisto produktus [14]. Siiriy technologijoje vis didesng
reikSme jgyja probiotinés starterinés kultiiros, didinancios produkto maisti-
n¢ verte ir galinios turéti teigiamg poveikj vartotojy sveikatai [19]. Taciau,
nors probiotikai dazniausiai jterpiami tiesiogiai j siirio matricg, vis dar truksta
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duomeny apie | valgomasias dangas jterpty, papildomomis apsauginémis ir
probiotinémis savybémis pasizymin¢iy PRB gyvybinguma ir jy poveikj pro-
duktui.

PRB, yra probiotiniy bakterijy gyvybingumo i$saugojimas. Ant siirio pavir-
Siaus esancias bakterijas veikia jvairiis aplinkos veiksniai, tokie kaip deguo-
nis, sumazejes drégnis ir temperatiiros svyravimai [20,21], galintys neigiamai
paveikti jy iSgyvenamuma tiek laikymo, tiek vir§kinimo metu. Siekiant padi-
dinti probiotiky stabiluma, taikomi jvairiis technologiniai sprendimai, jskai-
tant prebiotiky (oligosacharidy, polifenoliy) jterpima [22] bei sudétingesnes
technologijas, tokias kaip mikrokapsuliacija [23].

Nepaisant did¢jancio moksliniy tyrimy skai¢iaus, dauguma darby nagriné-
ja valgomasias dangas, papildytas jvairiais bioaktyviais komponentais — ete-
riniais aliejais, fermentais, polisacharidais ar mikroorganizmy metabolitais
[24,25]. Tuo tarpu tyrimy, kuriuose PRB bty naudojamos kaip pagrindinis
apsauginis ir funkcinis komponentas, ypac siiriuose, vis dar triikksta. Taip pat
nepakankamai iStirtas rySys tarp dangy sudéties, mikroorganizmy sgveikos,
stirio kokybés pokyciy laikymo metu ir procesy, vykstanciy virskinimo metu.

Darbo tikslas ir uzdaviniai

Darbo tikslas: sukurti ir jvertinti apsauginés valgomosios dangos, iter-
piant apsauginémis ir probiotinémis savybémis pasizymincig laktobacilg, po-
veiki Edam tipo siirio saugai ir kokybei.

Tyrimo uzdaviniai:

1. IS rauginto pieno, taikant in vitro virSkinimo metoda, iSskirti pieno
rugsties bakterijas, pasizymincCias probiotinémis savybémis, identifi-
kuoti ir charakterizuoti laktobacilas bei atrinkti saugias, apsauginémis
ir probiotinémis savybémis pasizymincias padermes.

2. Kultivuoti atrinkta apsauginémis ir probiotinémis savybémis pasizZy-
mincig laktobacily paderme jvairiose antrinése pieno pramongs zZalia-
vose ir pagal biomasés prieaugj atrinkti tinkamiausig zaliava.

3. Sukurti apsaugine valgomaja dangg i$ antriniy maisto pramonés Zaliavy
ir laktobacily kultivaty bei istirti jos fizikines ir chemines savybes.

4. Taikyti apsauging valgomaja danga jprastiems ir probiotiniams Edam
tipo siiriams bei jvertinti jy saugg ir kokybe.

5. Ivertinti in vitro virskinimo poveik]j jprasty ir probiotiniy Edam tipo
stiriy, padengty valgomosiomis dangomis su jterptomis laktobacilomis,
mikrobiotai ir baltymy virSkinamumui brandinimo metu.
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Tyrimo naujumas ir reik§mé

Atliktas tyrimas yra pirmasis, kuriame standartizuotas INFOGEST in
vitro virSskinimo metodas buvo taikytas rauginto karvés pieno méginiams
pries laktobacily izoliavima, o bakterijos buvo izoliuojamos i§ suvirSkinty
méginiy. Toks metodinis sprendimas leido ankstyvoje stadijoje atrinkti rugs-
Ciai atsparias ir probiotinj potencialg turin¢ias padermes bei sumazinti toles-
niems tyrimams reikalingy izoliaty skaiciy.

Tyrime taip pat pagristas pieno pramonés Salutiniy produkty — skysto rags-
¢iy iSrugy baltymy koncentrato (SRIBK) ir skysto rtgsciy iSriigy permeato
(SRIP) — panaudojimas: tiek probiotiniy savybiy laktobacily kultivavimui,
tiek kaip pagrindiniy komponenty valgomyjy dangy sudétyje. Toks sprendi-
mas prisideda prie tvariy maisto technologijy plétros, mazos vertés zaliavy
panaudojimo ir Ziedinés ekonomikos principy jgyvendinimo.

Skirtingai nei daugumoje ankstesniy tyrimy, Siame darbe sukurtose valgo-
mosiose dangose PRB buvo naudojamos kaip pagrindinis antimikrobinis ir
funkcinis komponentas, nenaudojant papildomy apsauginiy priedy. Tai rodo
galimybe kurti paprastesnes, lengviau pramong¢je pritaikomas dangy kompo-
zicijas, galinCias pakeisti tradicinius konservantus.

Nustatyta, kad L. paracasei rusies bakterijos iSlieka gyvybingos siirio
matricoje ir po in vitro virskinimo net ir nenaudojant papildomy apsauginiy
komponenty ar mikrokapsuliacijos. Sis rezultatas rodo, kad probiotiniy sa-
vybiy bakterijos gali biiti sékmingai jterpiamos j valgomasias dangas taikant
paprastesnius technologinius sprendimus ir kuriant maziau sudétingas valgo-
masias dangas.

Taip pat atliktas iSsamus tyrimas, apimantis valgomyjy dangy sudéties,
mikroorganizmy aktyvumo, stirio kokybiniy rodikliy ir virSkinimo rezultaty
vertinimg. Toks kompleksinis pozitiris leido jvertinti probiotiniy dangy veiki-
ma Vviso proceso metu — nuo striy brandinimo ir laikymo iki vir§kinimo — bei
geriau suprasti dangy sudéties, mikroorganizmy aktyvumo ir produkto koky-
bés tarpusavio sgveika.

Gauti rezultatai rodo, kad PRB praturtintos valgomosios dangos gali biiti
efektyvi ir praktiSkai pritaikoma priemong siiriy saugai ir kokybei gerinti ne-
naudojant sintetiniy priedy. Tokia priemoné gali slopinti gedimg sukelianciy
mikroorganizmy augima, prailginti produkty galiojimo laika ir padéti iSsau-
goti juslines savybes, taip mazinant maisto nuostolius ir didinant produkty
tvaruma.

Be to, nustatytas probiotiniy bakterijy i§gyvenamumas in vitro virSkini-
mo metu rodo, kad valgomosios dangos gali veikti kaip probiotiky pernasos
sistema ir didinti maisto produkty funkcine verte, atitinkancig Siuolaikiniy
vartotojy likescius.
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Tyrimo metodika

Tyrimy laikas ir vieta. Tyrimai buvo atlikti 2022 — 2026 metais Lietuvos
sveikatos moksly universitete Veterinarijos akademijoje (LSMU VA) Mais-
to saugos ir kokybés katedroje. Atskiry tyrimo etapy metu bendradarbiauta
su Minjo universitetu (Portugalija), Latvijos gyvybés moksly ir technologijy
universitetu, BioCC Biokompetencijos centru (Estija) bei Norvegijos maisto,
zuvininkystés ir akvakultiiros tyrimy institutu (Nofima).

Méginiai ir tyrimy medziagos, mikroorganizmy kultiaros. PRB isskyri-
mui naudoti ekologisSko karvés pieno méginiai, kurie iki tolesniy tyrimy buvo
laikomi 4 °C temperatiiroje.

Bakterijy kultivavimui bei valgomyjy dangy gamybai naudoti pieno pra-
monges Salutiniai produktai — SRIBK ir SRIP (Pieno zvaigzdés, Lietuva).
Dangy sudéciai formuoti naudotas glicerolis (99 proc. grynumo) kaip plas-
tifikatorius, saulégrazy aliejus (Helianthus annuus) kaip hidrofobiné fazé ir
polisorbatas (Tween 80) kaip pavirSiaus aktyvioji medziaga emulsijos stabi-
lizavimui, kurie jsigyti i§ Sigma-Aldrich (Darmstatas, Vokietija). Cukriniy
runkeliy pektinas (54 proc. esterifikacija) kaip struktiiriné medziaga isigyta i$
Herbstreith & Fox (Neuenbiirg, Vokietija).

Sviezio siirio méginiai buvo gauti i§ Estijos siirio ir sviesto gamintojo
,,BE-Piim*.

Antibakterinio aktyvumo tyrime buvo naudoti mikroorganizmai: Listeria
monocytogenes ATCC 35152, Staphylococcus aureus ATCC 9144, Escheri-
chia coli ATCC 8739, Pseudomonas aeruginosa NCTC 6750, Bacillus ce-
reus ATCC 11778, Salmonella Typhimurium ATCC 13311, Pseudomonas
Sfluorescens ATCC 13525 ir Brochothrix thermosphacta ATCC 11509, gauti i§
LSMU VA Maisto saugos ir kokybés katedros laboratorijos kolekcijos.

PrieSgrybelinio aktyvumo tyrime naudoti mikroorganizmai: Debaryomy-
ces hansenii (BTL, M-31/Deb. 4 (T)), Yarrowia lipolytica (BTL, M-48/C.6.1),
Candida glabrata (BTL, 8B), Candida albicans (BTL, M-7/C.17), Mucor ra-
cemosus (BTL, G-134/1064), Cladosporium herbarum (BTL, G-86/KS-2/7),
Penicillium commune ML 21-3 ir Aspergillus versicolor (CBS 113090), gauti
1§ Gamtos tyrimy centro Botanikos instituto (Vilnius, Lietuva).

PRB izoliavimas ir laktobacily atranka bei ju saugos ir funkciniy sa-
vybiy charakterizavimas. PRB i§skyrimas. SvieZio ekologisko karvés pieno
meéginiai buvo rauginti 37 °C temperatiiroje 96 valandas, o véliau suvirskin-
ti taikant harmonizuotag INFOGEST in vitro virSkinimo metoda, pritaikytg
maisto produktams [194]. Sis metodas buvo pasirinktas kaip potencialus
budas iSskirti rugsc¢iai atsparias, probiotiniy savybiy turincias laktobacilas,
skirtas jterpti | apsaugines valgomasias dangas. Minétas metodas imituoja
burnos, skrandzio ir plonosios Zarnos virSkinimo fazes, naudojant standarti-
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zuotus virSkinimo skyscius ir fermentus. Visi fermentai ir tulZis buvo jsigyti
1§ ,,Sigma-Aldrich* (St. Louis, JAV). Méginiams taikytas in vitro vir§kinimas,
imituojant burnos, skrandzio ir plonosios Zarnos virskinimo fazes. VirSkini-
mas atliktas dviem pakartojimais kiekvienam méginiui. Po plonosios zarnos
fazés dalis méginio paséta ant MRS agaro (Biolife, Milanas, Italija) ir inku-
buota 37 °C temperatiiroje anaerobinémis saglygomis. Po inkubavimo 18 kiek-
vieno méginio atrinktos reprezentatyvios kolonijos ir i§grynintos pakartotinai
pers¢jant ant MRS agaro. [Sgrynintos kolonijos dazytos Gramo biidu. Gram-
teigiamos PRB kolonijos iki tolesniy tyrimy laikytos MRS sultinyje (Bioli-
fe, Milanas, Italija), papildytame 30 proc. gliceroliu, —80 °C temperatiiroje.
Pries tolesnius eksperimentus padermés atgaivintos MRS agare, 48 val. inku-
buojant 37 °C temperatiiroje anaerobinémis salygomis.

PRB padermiy identifikavimas. Bakterijy DNR isskirta naudojant ,,GenE-
lute Bacterial Genomic DNA Kit“ (Sigma-Aldrich), vadovaujantis gamintojo
instrukcijomis, skirtomis gramteigiamoms bakterijoms. Lactobacillus genties
bakterijy identifikavimui taikytas polimerazés grandininés reakcijos (PGR)
metodas. Riisiy identifikavimui naudoti specifiniai pradmenys. PGR salygos
ir pradmenys parinkti remiantis Torriani ir kt. (2001) [195], Ventura ir kt.
(2003) [196] ir Gaspar ir kt. (2019) [197] metodikomis. PGR produktai at-
skirti 2 proc. agarozes gelyje, naudojant 100 bp DNR dydZzio Zymen;j (Ther-
mo Fisher Scientific, Vilnius, Lietuva), ir vizualizuoti dazant etidzio bromidu
(Sigma-Aldrich).

Atsparumo antibiotikams jvertinimas. Atsparumas antibiotikams buvo
jvertintas naudojant minimalig slopinancig koncentracija (MSK) nustatancias
juosteles (Liofilchem), vadovaujantis gamintojo pateiktomis instrukcijomis.
Atsparumas tirtas Siems antibiotikams: chloramfenikoliui, klindamicinui,
streptomicinui, gentamicinui, tetraciklinui, eritromicinui ir ampicilinui. MSK
nustatyta pagal juosteliy skale ir iSreiksta pg/ml.

Hemolizinis aktyvumas. Hemolizinis aktyvumas nustatytas naudojant
kraujo agarg su 5 proc. avies kraujo (E & O Laboratories Ltd., Jungtiné Ka-
ralyste). Po 48 val. inkubavimo 37 °C temperatiiroje rezultatai vertinti pagal
hemolizés tipa: B-, a- arba y-hemolize.

Fermentinis aktyvumas. Fermentinis aktyvumas jvertintas naudojant API
ZYM testy rinkinj (bioMérieux, Pranciizija). Rezultatai interpretuoti pagal
gamintojo instrukcijas, vertinant spalvos intensyvuma 0 — 5 baly skaléje.

Ekstralastelinis proteolitinis aktyvumas. Proteolitinis aktyvumas vertintas
naudojant nugriebto pieno agara. Ant terpés uztaSkuota 2 pl bakterijy kultt-
ros. Po 4 pary inkubavimo 30 °C temperattroje aktyvumas nustatytas pagal
skaidriy zony susidaryma aplink kolonijas.

Kazeinolitinis ir lipolitinis aktyvumas. Tyrimai atlikti remiantis Pisano ir
kt. (2015) metodika [201]. Kazeinolitinis aktyvumas vertintas naudojant PCA
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(Liofilchem) agara, praturtinta 10 proc. nugriebto pieno priedu. Lipolitiniam
aktyvumui nustatyti naudotas MRS agaras su 0,01 proc. kalcio chloridu ir
0,1 proc. Tween 80.

Riigstinamasis aktyvumas. Ultra aukstoje temperattiroje (UAT) sterilizuo-
tas 1,5 proc. pienas inokuliuotas atgaivinta tiriama bakterijy kultiira, o pH
vertés buvo matuojamos po 6 ir 24 val. inkubavimo. Pienas be pridétinés
kultiiros buvo naudojamas kaip kontrolinis méginys.

Angliavandeniy fermentacijos profilis. Angliavandeniy fermentacijos pro-
filis buvo jvertintas naudojant API 50 CH testa (,,BioMerieux*, Marcy-1’Eto-
ile, Prancizija) ir laikantis gamintojo instrukcijy. Inkubacijos metu dél an-
gliavandeniy fermentacijos susidarancios organinés riigstys lémé terpés pH
poky¢ius, kurie nustatyti pagal indikatoriaus spalvos pokyti. Rezultatai in-
terpretuoti taip: stipri fermentacija — geltona spalva, vidutiné fermentacija —
zalia, silpna fermentacija — tamsiai Zalia, fermentacijos nebuvimas — mélyna
spalva.

Antibakterinis ir prieSgrybelinis aktyvumas. Antibakterinis ir prieSgrybe-
linis aktyvumas vertintas taikant agaro taSkavimo (angl. agar spot) metoda.
Atgaivinta bakterijy kultiira (3 pl) uzlasinta ant MRS agaro pavir$iaus ir in-
kubuota anaerobinémis sglygomis 37 °C temperatiiroje 48 val. Antibakteri-
niam aktyvumui jvertinti po inkubavimo 1¢kstelés padengtos 7 ml 0,7 proc.
agaro sluoksniu, kuriame buvo 100 pl indikatorinés mikroorganizmy kulttiros
suspensijos, ir toliau inkubuotos 24 val. aerobinémis salygomis, esant opti-
maliai indikatoriniy mikroorganizmy augimo temperattrai. Priesgrybeliniam
aktyvumui jvertinti lekstelés padengtos 5 ml Sabtro dekstrozes agaro (SDA;
Oxoid, Basingstokas, Jungtiné Karalyste¢) sluoksniu, kuriame buvo 10° pele-
siy spory arba mieliy lasteliy 1 ml. Léksteles inkubuotos 24 val. aerobinémis
salygomis, esant optimalioms grybeliniy mikroorganizmy augimo salygoms.
Naudoti mikroorganizmai pateikti metodikos skyriuje ,,Méginiai ir tyrimy
medziagos, mikroorganizmy kulttiros®. Antibakterinis ir prieSgrybelinis ak-
tyvumas vertintas matuojant skaidrios inhibicijos zonos skersmenj aplink ti-
riamy padermiy kolonijas.

Atsparumas riigstinei terpei ir tulzies druskai. Atsparumo riigStinei terpei
tyrimui ] 9 ml PBS (,,Biolife*, Milanas, Italija), kurio pH buvo pakoreguotas
iki 2,5 naudojant 5 M HCI buvo pridéta 1 ml atgaivintos atrinktos tiriamos
kultiiros ir inkubuojama 37 °C temperatiroje. Gyvybingy lasteliy skai¢ius
buvo suskaiciuotas po 0 ir 3 inkubacijos valandy, atliekant pas¢lius ant MRS
agaro. Atsparumo tulZies druskai tyrimui § 9 ml MRS sultinio, kurio sudétyje
buvo 0,3 proc., 0,5 proc. ir 1 proc. tulzies druskos, pridéta 1 ml atgaivintos
tirlamos kultliros ir inkubuota 37 °C temperatiiroje. Gyvybingos kolonijos
suskaic¢iuotos ant MRS agaro po 0 ir 24 val. inkubavimo.
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L. paracasei A1l padermés kultivavimas antrinése pieno pramonés
Zaliavose. Paderm¢ buvo kultivuota SRIBK ir SRIP terpése, o MRS sulti-
nys naudotas kaip kontrolin¢ terpé. Kultivavimo procesas siekiant jvertin-
ti biomasés prieaugj ir augimo kinetika atliktas termostate ir realaus laiko
bioreaktoriuje (RTS-1C, Biosan, Ryga, Latvija). Padermés augimas stebétas
realiuoju laiku pagal gamintojo instrukcijas. Prie§ kultivavimg padermé at-
gaivinta MRS agare, inkubuojant 48 val. 37 °C temperatiiroje anaerobiné-
mis sglygomis. SRIBK ir SRIP terpés pasterizuotos 9395 °C temperatiiroje
10 min. ir atvésintos iki 37 °C. Tuomet 29 ml terpés ir 1 ml L. paracasei
A1l suspensijos (sureguliuotos iki 1 McFarland vieneto) perkelta ; 30 ml
,» TubeSpin“ mégintuvélius, kurie patalpinti j bioreaktoriy esant 37 °C tempe-
ratirai 96 val. aerobinémis sglygomis. Optinis tankis (OD600) registruotas
kas 10 min. esant 110 aps./min. maiSymo greiciui, o augimo greitis apskai-
Ciuotas automatiSkai. Po kultivavimo gyvybingy bakterijy skaiCius nusta-
tytas atliekant pasélius ant MRS agaro ir inkubuojant anaerobinémis saly-
gomis 37 °C temperatiiroje 0, 24 ir 48 val. Kiekvieno termostate esancio
meéginio pH matuotas tiesiogiai naudojant pH matavimo prietaisg (,,Sartorius
Professional®, Vokietija). Cukry kiekis fermentuotuose SRIBK ir SRIP terpé-
se bei MRS sultinyje nustatytas taikant skys¢iy chromatografijos metoda pa-
gal ISO 22184:2021 standartg [203]. Pieno rugsties ir laktato kiekis jvertintas
fermentiniu metodu pagal ISO 8069:2005 standartg [204].

L. paracasei A11 poveikis valgomyjy dangy savybéms. Valgomyjy dan-
gy ir pléveliy paruosimas. Keturiy skirtingy valgomyjy dangy receptiros pa-
teiktos 1 lentel¢je. Sausieji komponentai (cukriniy runkeliy pektinas, Tween
80, saulégrazy aliejus ir glicerolis) iStirpinti receptiiroje numatyto 50 proc.
SRIBK arba SRIP kiekio, siekiant paruosti pradinj dangos tirpalg. Gau-
tas miSinys homogenizuotas 3 min. 10 000 aps./min. greiciu, pasterizuotas
93-95 °C temperatiiroje 10 min. ir atvésintas iki 35 °C. L. paracasei A1l pa-
derme atskirai kultivuota pasterizuoto SRIBK terpés dalyje (50 proc.). Gautas
SRIBK kultivatas, kuriame bakterijy kiekis sieke 8,3 log j KSV/g, imaiSytas
1 pradinj dangos tirpala, siekiant gauti eksperimentines valgomasias dangas,
kuriy galutiné L. paracasei A1l padermés koncentracija buvo apie 7 log
KSV/g. Bakterijy koncentracija jvertinta naudojant densitometrg (DEN-600,
Biosan, Latvija). Kontroliniy dangy paruoSimui j pradinj tirpalg papildomai
iterpta likusi SRIBK dalis, tac¢iau bakterijy kultiira nebuvo pridéta.
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1 lentelé. Valgomyjy dangy receptiiros

Valgomosios | Pektinas Saul.é grqiq Glicerolis | Tween 80 SRIP SRIBK
dangos (proc. m/m) aliejus (proc. v/v)|(proc. v/v) (‘proc.. m/m (.proc‘. m/m
(proc. v/v) viso tirpalo) [viso tirpalo)
SRIBK (K) 2 - 90.8
SRIBK + L. p 2 — 90.8
SRIP (K) 2 1 > 02 50 41.8
SRIP+L.p 1 50 41.8

SRIBK — skystas riig§¢iy iSriigy baltymy koncentratas; SRIP — skystas rigsciy iSriigy perme-
atas; K — kontrolé; L. p — Lacticaseibacillus paracasei Al1.

Pléveles formuotos 150 mm skersmens Petri 1¢kstelése, jpilant po 28 ml
valgomosios dangos, ir dZiovintos 37 °C temperatiiroje esant 50 + 5 proc.
santykinei oro drégmei 12 val. ISdZiovintos plévelés laikytos 21 dieng 4 +
1 °C temperatiroje, siekiant jvertinti L. paracasei A11 iSgyvenamuma laiky-
mo metu.

Valgomyjy dangy ir pléveliy savybiy charakterizavimas. Reologiniai
matavimai atlikti remiantis Vieira ir kt. (2021) metodika [205]. Plévele for-
muojanciy tirpaly reologinés savybés vertintos reometru AR1500ex (TA Ins-
truments, JAV), naudojant neriidijancio plieno kuigio plokstelés geometrija
(6,0 cm skersmens, 2° kampo, 67 pm tarpo aukscio). Visi matavimai atlikti
esant 25 °C temperatiirai. Srauto kreivés nustatytos esant skirtingiems Slyties
jtampiams, taikant dinaminj matavimo rezima, esant $lyties greiciui nuo 0 iki
300 s™'. Gauti duomenys aprasyti Niutono (1 lygtis) ir galios désnio (2 lygtis)
modeliais, siekiant jvertinti tirpaly reologines savybes:

o=nxy (1

o=kxy" (2)
kur o — Slyties jitempis (Pa), # — klampa (Pa.s), k — konsistencijos indeksas
(Pa.s"), y" — slyties greitis (s™'), n — takumo indeksas.

Pleveliy spalva vertinta naudojant spalvos matuokli Minolta CR-400
(Konica Minolta, Japonija), taikant CIE 1976 L*, a*, b* spalvy sistema. Sioje
sistemoje L* parodo Sviesumg (0 — juoda, 100 — balta), a* nusako raudo-
nos—zalios, o b* — geltonos—mélynos spalvy asis. Matavimams naudota balta
etaloniné plokstele (L* = 97,6; a* = 0,01; b* = 1,60). Kiekvienam méginiui
matavimai atlikti trimis pakartojimais.

Pléveliy Sviesos pralaidumas nustatytas taikant Hunter Lab metodika. Ma-
tavimai atlikti trimis pakartojimais, o skaidrumas apskaiciuotas pagal lygti:

Sviesos pralaidumas ( proc.) = (Yb Y, ) x100 3)
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kur Y, ir Y —méginio Sviesos pralaidumas atitinkamai matuojamas ant juodos
ir baltos etaloniniy ploksteliy [206].

Pléveliy storis matuotas naudojant skaitmeninj mikrometra (Mitutoyo, Ja-
ponija), kurio tikslumas — 0,001 mm. Kiekvienam méginiui atlikta po 10 ma-
tavimy atsitiktinai parinktose plévelés vietose. Apskaiciuotos vidutings storio
reikSmés naudotos tolesniems skaiCiavimams, vertinant mechanines pléveliy
savybes.

Tempimo stipris (TS) ir pailgéjimas iki plySimo (EAB) nustatyti naudo-
jant universaly tempimo aparata Instron (Model 4500, Instron Corporation,
JAV), vadovaujantis ASTM D 882-91 standartu. Pradiné griebtuvy tarpusa-
vio distancija buvo 30 mm, o kryzminés galvutés judéjimo greitis — 5 mm/
min. TS apskaiciuotas didziausig apkrova (N) dalijant i§ méginio skerspjiivio
ploto (m?) ir iSreikStas MPa. EAB iSreiks$tas procentais, palyginant méginio
ilgi ldZio metu su pradiniu ilgiu (30 mm). Kiekvienam meéginiui atlikti penki
pakartojimai.

Pleveliy drégmes kiekis ir tirpumas vandenyje nustatyti pagal Ortiz de
Elguea-Culebras ir kt. (2019) [207] metodika. Drégmés kiekis nustatytas
gravimetriniu metodu, remiantis masés pokyciu. 2 cm skersmens pléveliy
pavyzdziai buvo pasverti, dziovinti 105 °C temperatiiroje 24 valandas ir vél
pasverti. Drégmes kiekis apskaiciuotas pagal lygti:

Drégmes kiekis (proc.) = ((M0 —M) IM, ) x100 4)

kur M — pradiné meginio mas¢, M — mas¢ po dziovinimo.

Vandens tirpumas nustatytas iSdziovintus pléveliy méginius panardinant j
50 ml distiliuoto vandens ir kratant 24 val. 150 aps./min. grei¢iu. Po inkuba-
vimo netirpios plévelés dalys buvo atskirtos ir dziovintos 105 °C temperatu-
roje 24 val. Vandens tirpumas apskaiciuotas pagal lygti:

Tirpumas (proc.) :((SO —S)/SO)xIOO %)

kur § — pradiné sauso meéginio mas¢, S — netirpios dalies mase€.

Vandens gary pralaidumas (W VP) nustatytas gravimetriniu metodu, vado-
vaujantis ASTM E96/E96M-16 (2016) standartu. ISdZziovinti pléveliy diskai
(45 mm skersmens) sandariai uzdengé indy, pripildyty distiliuoto vandens,
virS§y. Méginiai laikyti desikatoriuje su silikageliu. Masés poky¢iai registruoti
kas 2 val. 10 val. laikotarpiu. WVP apskaiciuotas pagal lygt;:

WVP =(WVTRxL)/ AP (6)
kur WVTR — vandens gary perdavimo greitis, L — plévelés storis (m), AP —
dalinio vandens gary slégio skirtumas (2337 Pa).
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Pléveliy mikrostruktiira tirta skenuojancios elektroninés mikroskopijos
(SEM) metodu, naudojant ,,Mira3“ mikroskopa (Tescan Orsay Holding, Ce-
kija). Méginiai paruosti iSpjaunant 0,4 x 0,4 cm dydzio fragmentus ir tvir-
tinant juos ant silicio pagrindo. Tyrimai atlikti aukSto vakuumo salygomis,
naudojant antriniy elektrony (SE) ir atgaliniy sklaidos elektrony (BSE) de-
tektorius.

Elementiné sudétis nustatyta energijos dispersinés rentgeno spektrosko-
pijos (EDS) metodu, naudojant INCA X-act detektoriy (Oxford Instruments,
Jungtin¢ Karalysté). Matavimai atlikti esant 15 mm darbinio atstumo saly-
goms, o elementy pasiskirstymas vertintas sudarant elementinius zemelapius.

Gyvybingy PRB kiekis dangose ir plévelése nustatytas naudojant selek-
tyvias mitybines terpes, atliekant tris pakartojimus. Dangy tirpalai tirti 0 ir 1
laikymo dieng, o plévelés — 0, 1, 3, 7, 14 ir 21 dienomis. Bendras mezofiliniy
pieno rugsties bakterijy skaicius nustatytas pagal ISO 15214:1998 [208].

Valgomyjuy dangy pritaikymas Edam tipo siiriams gamybinémis saly-
gomis. Dviejy tipy nebrandinto Edam tipo stirio blokai — jprastas ir probio-
tinis stris su starterine Lactiplantibacillus plantarum Tensia (DSM 21380)
kultiira — steriliomis sglygomis supjaustyti vienodais 100 + 5 g masés gaba-
lais. Paruostos Sesios siirio méginiy grupées (po tris pakartojimus):

I (K) — kontrolinis jprastas stris be dangos;

I + SRIBK — jprastas siiris su SRIBK danga;

I+ SRIBK + L. p — jprastas siiris su SRIBK danga ir L. paracasei Al1;
P (K) — kontrolinis probiotinis siiris be dangos;

P + SRIBK — probiotinis siiris su SRIBK danga;

P + SRIBK + L. p — probiotinis siiris su SRIBK danga ir L. paracasei
All.

SNk W —

Strio méginiai panardinti | valgomasias dangas, 1 val. dziovinti ir vaku-
umuoti naudojant vakuuminio pakavimo jrenginj (Status d.o.o., Slovénija).
Meéginiai laikyti brandinimo kameroje 12 °C temperattiroje, esant 80 proc.
santykinei oro drégmei, 45 dienas, po to papildomai laikyti 4 °C temperatii-
roje 90 dieny. Kadangi tyrimuose naudotos skirtingos pieno partijos, jprasto
ir probiotinio siirio méginiy rezultatai analizuoti atskirai, jy tiesiogiai statis-
tiSkai nelyginant.

Strio méginiy pH nustatytas kambario temperatiiroje naudojant kalibruota
laboratorinj pH matavimo prietaisg (Mettler Toledo JENWAY 3510, Jungtiné
Karalyste). Analizei 10 g siirio méginio homogenizuota su 30 ml distiliuoto
vandens, o pH iSmatuotas i$ karto po homogenizavimo.

Vandens aktyvumas (a ) nustatytas naudojant ,,LabSwift-aw* matuoklj
(Novasina AG, Sveicarija). Prie§ matavima siirio méginiai susmulkinti ir per-
kelti ant matavimo plokstelés.
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Sausyjy medziagy (SM) kiekis nustatytas pagal ISO 5534:2004 standarta
[210].

Strio méginiy spalva vertinta naudojant spalvos matuoklj Minolta CR-400
(Konica Minolta, Japonija), taikant CIE 1976 L*, a*, b* spalvy sistema. Sioje
sistemoje L* parodo Sviesuma (nuo 0 — juoda iki 100 — balta), a* nusako rau-
donos—zalios, o b* — geltonos—mélynos spalvy aSis. Remiantis iSmatuotomis
spalvy koordinatémis, bendras spalvos pokytis (AE) apskaiciuotas pagal lygt;
[211]:

AE* = \[(L*~L,) +(a*=a,)’ +(b*~h,)’ %

kur L, a, ir b, — pradinés spalvos koordinatés, o L*, a* and b* — spalvos
koordinatés laikotarpiu tiriamuoju laikotarpiu.

Mikrobiologiniai tyrimai atlikti trimis pakartojimais, siekiant nustatyti
gyvybingy mikroorganizmy skaiciy. Méginiai tirti 1, 45 ir 135 laikymo die-
nomis, naudojant selektyvias mitybines terpes. Mikroorganizmy kiekis nu-
statytas tiek surio pavirSiuje, tiek viduje ir iSreikStas log  KSV/g. Vertinti
Sie mikrobiologiniai rodikliai: bendras aerobiniy mikroorganizmy skaicius
pagal ISO 4833-1:2013 standartg [212], mezofiliniy PRB skaicius pagal
ISO 15214:1998 standartg [208], enterobakterijy skaiCius pagal ISO 21528-
2:2017 standartg [213] ir mieliy bei pelésiy skaicius pagal ISO 6611:2004
standartg [214]. Méginiai nuo pavirSiaus ir i§ slirio matricos buvo paimti pa-
gal ISO 18593:2018 standarta [215].

Riebaly rugsciy (RR) sudéciai siirio méginiuose nustatyti 1 g siirio homo-
genizuotas su 2 ml III tipo vandens. Méginiai 1 val. laikyti kambario tem-
peratiiroje, periodiskai maiSant, po to centrifuguoti 6 min. esant 4000 x g
grei¢iui kambario temperatiiroje. | 1 ml gauto supernatanto pridéta 100 pl
0,6 M oksalo rugsties tirpalo, méginiai iSmaiSyti ir pakartotinai centrifuguoti.
RR nustatytos dujy chromatografijos metodu, naudojant dujy chromatografa
»Agilent 6890A* su kapiliarine kolonéle CP-Wax 52 CB (30 m x 0,25 mm,
0,25 pm) ir liepsnos jonizacijos detektoriumi (FID), nustatytu 280 °C tem-
peraturai. Krosnelés temperatiiros programa: pradin¢ temperatira — 175 °C
(1 min.), véliau temperatiira mazinta 10 °C/min. grei¢iu iki 115 °C ir palai-
kyta 3 min., po to didinta 20 °C/min. greiciu iki 190 °C ir palaikyta 5 min.
Kiekvienos RR kiekis isreikstas g/100 g bendro RR kiekio. Riebaly rugstys
suskirstytos i Sias grupes: socigsias riebaly rigstis (SFA), mononesociasias
riebaly rugstis (MUFA), polinesociasias riebaly rugstis (PUFA), nesocigsias
riebaly rugstis (UFA), ilgos grandinés riebaly rugstis (LCFA), vidutinés gran-
dinés riebaly riigs§tis (MCFA), trumpos grandinés riebaly rugstis (SCFA),
omega-6 polinesoCigsias riebaly rigstis, omega-3 polinesocigsias riebaly
rugstis, trans riebaly rugstis. Riebaly kokybés rodikliai — aterogeniSkumo,
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trombogeniskumo, hipocholesteroleminiy ir hipercholesteroleminiy RR san-
tykis (h/H) bei pageidaujamy RR kiekis (DFA) — apskaiciuoti pagal lygtis
[216,217]:

(C12:0+(4xC14:0)+C16:0)

8
(PUFA+MUFA) ®

Aterogeniskumo indeksas (AI ) =

Trombogeniskumo indeksas (T 1 ) =

(C12:0+C16:0+C18:0) ©)
(0.5xMUFA)+(0.5xn6 PUFA)+(3xn3PUFA)+(n3PUFA/ n6 PUFA)

(C18:1+ PUFA)
hiH = (10)
(C14:0+C16:0)

DFA=UFA+C18:0 (11)

Po 45 dieny brandinimo atlikta juslin¢ analizeé. Vertinime dalyvavo septyni
apmokyti vertintojai (abiejy ly¢iy, 2050 mety amziaus), o vertinimas atlik-
tas specialiai tam skirtoje juslingje patalpoje. Vertintojai atrinkti ir apmokyti
vadovaujantis ISO 8586:2023 reikalavimais [218]. Prie§ vertinimg méginiai
pateikti kambario temperatiiroje ir uzkoduoti atsitiktiniais trijy skaitmeny ko-
dais. Vertintojams atsitiktine tvarka pateiktos vienodos plastikinés 1€kstés su
SeSiais 2 x 2 x 2 cm dydzio stirio kubeliais. Juslinis vertinimas atliktas taikant
100 baly vertinimo sistema pagal Bodyfelt ir kt. (1988) [219], skiriant 50 baly
skoniui, 40 baly tekstiirai ir konsistencijai bei 10 baly i§vaizdai.

Siirio méginiy in vitre virSkinimas. Siekiant jvertinti su siiriu susijusiy
mikroorganizmy (bendro PRB skaiCiaus, L. paracasei All ir L. plantarum
Tensia) i§gyvenamumg virskinimo metu, taikytas anksc¢iau apraSytas stan-
dartizuotas INFOGEST in vitro virSkinimo modelis. Prie§ virSkinima siirio
méginiai buvo homogenizuoti ir veikiami burnos fazés salygy. VirSkinimas
atliktas dviem pakartojimais kiekvienam strio tipui, jtraukiant tus¢ig kontrole
(be siirio). Plonosios Zarnos fazés pabaigoje gauti méginiai paséti ant MRS
agaro (pH 5,7) ir MRS agaro su manitoliu vietoje gliukozés (pH 5,7), po to
inkubuoti anaerobinémis saglygomis 30 °C temperatiiroje. MRS terpé su ma-
nitoliu naudota siekiant sudaryti palankesnes salygas L. paracasei augimui,
lyginant su kitomis PRB. Vis délto tikslus kiekybinis $ios riiSies jvertinimas
iSliko sudétingas del kity PRB buvimo. L. paracasei kolonijos identifikuo-
tos MALDI-TOF MS metodu (Bruker). Palyginimui, PRB kiekis stiryje pries
virs§kinimg nustatytas analogiskai, prie§ tai méginius homogenizavus buferi-
niame peptono vandenyje.
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Strio baltymy virskinamumas vertintas po 45 dieny brandinimo, in vitro
virS§kinimo metu. Po virSkinimo fermentai inaktyvuoti kaitinant verdancio
vandens voneléje 10 min., o méginiai atskirti j supernatanta ir nuosédas cen-
trifuguojant (4000 aps./min., 10 min.). Baltymy koncentracija strio mégi-
niuose pries ir po virskinimo (supernatante ir nuosédose) nustatyta Dumas
metodu, naudojant ,,Vario EL cube‘ analizatoriy (,,Elementar®), kaip aprasyta
Rieder ir kt. (2021) [220]. Plonosios zarnos virskinimo fazés supernatantas
analizuotas dydziy iSskyrimo chromatografijos (SEC) metodu, siekiant nusta-
tyti peptidy molekulinés masés pasiskirstyma ir apskai¢iuoti baltymy virski-
namumg (Dg, ) (Wubshet ir kt., 2017) [221]. D, . apskaiCiuota pagal Rieder
ir kt. (2021) [220] metodika, vertinant tirpiy mazos molekulinés masés pepti-
dy dalj bendro baltymy kiekio atzvilgiu. VirSkinamumas apskaiciuotas pagal
lygti:

Virskinamumas g, (Dg; ) (proc.) =

_ ( Tirpus baltymai y SEC ploto9.4—15 min J <100

(12)
Bendras baltymy kiekis ~ SEC ploto5—15 min

Stirio mikrobiota analizuota méginiuose prie§ virskinima, siekiant jvertinti
brandinimo trukmes (1 ir 45 d.), dangy ir L. paracasei A11 poveikj tiek jpras-
to, tiek probiotinio strio mikrobiotai, taip pat siekiant aptikti L. paracasei
ir L. plantarum. Bakterijy DNR iSskirta 1§ nuosédy, gauty homogenizavus
str] buferiniame peptono vandenyje, naudojant ,,DNeasy PowerSoil 96 Pro
Kit* (Qiagen), vadovaujantis gamintojo instrukcijomis. Mikrobiota analizuo-
ta taikant 16S rRNR geno amplikony sekoskaitg (2x150 bp), nukreipta 1 V4
regiong (Caporaso ir kt., 2012) [222]. Sekoskaita atlikta ,,Illumina MiSeq*
platformoje, naudojant PGR produktus i§ trijy nepriklausomy reakcijy kie-
kvienam méginiui su individualiais koduotais pradmenimis. PhiX Control v3
sudaré 10 proc. visy skaitymy.

Sekoskaitos duomenys apdoroti naudojant atvirojo kodo bioinformatikos
platforma QIIME2 (2023.5) [223], taikant DADA?2 algoritmg. Taksonominé
klasifikacija atlikta naudojant Greengenes2 (2022.10) duomeny baze [224],
kiekvieng unikaly vienetg apibréziant kaip amplikono sekos variantg (ASV).
Mikrobiotos struktiiros palyginimui atlikta beta jvairovés analizé, o rezultatai
vizualizuoti pagrindiniy koordinaciy analize (PCoA), paremta svertine UniF-
rac metrika. Taksonominiai duomenys pateikti genties lygiu. L. paracasei ir
L. plantarum identifikacija patvirtinta NCBI BLAST 16S rRNR duomeny
baze, nustatant 100 proc. seky atitikima.

Statistiné duomeny analizé. Statistiné analizé atlikta naudojant SPSS
programing jrangg (24 versija, SPSS Inc., Armonk, NY, USA). ApraSomoji
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statistika gauta naudojant ,,Explore” funkcija. Atsizvelgiant | eksperimento
dizaing ir siekiant jvertinti apdorojimo veiksniy ir laikymo trukmés poveikj
taikyta vienfaktor¢ arba dvifaktoré dispersiné analiz¢ (ANOVA), po kurios
atliktas Tukey post hoc testas. Priklausomiems matavimams taikytas porinis
t-testas, o rySiams tarp kintamyjy — Pirsono koreliacijos analizé. Skirtumai
laikyti statistiSkai reikSmingais, kai p < 0,05.

Mikrobiotos sekoskaitos duomenys analizuoti naudojant Python (3.12)
programine jrangg ir bibliotekas ,,pandas®, ,,NumPy*, ,scikit-bio*, ,,scikit-
learn® ir ,,matplotlib®“. Mikrobiotos sudéties skirtumai vertinti taikant permu-
tacing daugiamate dispersing analize¢ (PERMANOVA), paremta Bray—Curtis
disimiliarumo matrica. Poriniai PERMANOVA palyginimai atlikti siekiant
jvertinti skirtumus tarp eksperimentiniy grupiy kiekvieng méginiy émimo
dieng. Atskiry genciy santykinés gausos skirtumai analizuoti taikant Krus-
kal-Wallis testa.

REZULTATAI

Taikant INFOGEST in vitro virSkinimo modelj, i$ rauginto ekologiSko
karviy pieno buvo iSskirtos riigs¢iai atsparios, antimikrobinémis savybémis
pasizymincios probiotiniy savybiy PRB, tinkamos panaudoti valgomuyjy
dangy kurimui rugséiy iSrigy pagrindu. I$ viso in vitro buvo suvirskinta 20
méginiy, i§ kuriy atlikus paselius iSaugintos 22 bakterijy kolonijos tolesnei
analizei. Fenotipinés analizés metu nustatyta, kad 12 kolonijy (55 proc.) pasi-
zyméjo Lactobacillus genties bakterijoms biidingomis savybémis. PGR me-
todu patvirtinta, kad 18 jy 4 kolonijos (18 proc.) priklausé Lactobacillus spp.,
1§ kuriy trys identifikuotos kaip Lacticaseibacillus paracasei, o viena — kaip
Lactiplantibacillus plantarum.

Visos iSskirtos padermés buvo jvertintos saugos pozitiriu. Nustacius at-
rinkty padermiy hemolizinj aktyvuma paaiskéjo, kad visos bakterijos pasizy-
meéjo y-hemolize, biidinga saugioms, maistui tinkamoms bakterijoms.

Padermiy atsparumo antibiotikams tyrimai atskleide, kad visos padermeés
buvo jautrios daugumai tirty antibiotiky (ampicilinui, eritromicinui, klinda-
micinui, streptomicinui, gentamicinui, kanamicinui ir tetraciklinui), taciau
visos pasizyméjo igimtu atsparumu vankomicinui. Nustatyta, kad dvi pader-
més pasizymejo didesniu atsparumu chloramfenikoliui nei rekomenduojama
EMST, todél tolesniems tyrimams atrinktos tik L. paracasei A1l ir L. planta-
rum A154-d1 padermés.

Storojoje zarnoje esancios bakterijy padermés, jskaitant kai kurias lakto-
bacilas, pasizymincios dideliu B-gliukuronidazés arba B-gliukozidazés akty-
vumu, gali turéti neigiamg poveikj vartotojy sveikatai [227, 228]. Fermenti-
niy savybiy tyrimai parodé, kad nei viena i§ dviejy tirty laktobacily neparodé
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Sarminés fosfatazes, lipazes, tripsino, o-galaktozidazeés, B-gliukuronidazés,
a-manozidazes ir a-fukozidazes fermentinio aktyvumo. PrieSingai, abi pader-
més parodé stiprias leucino aril amidazés ir valino aril amidazés fermentines
reakcijas. L. paracasei A11 taip pat pasizymejo stipriu a-gliukozidazés akty-
vumu, o L. plantarum A154-d1 stipriu B-gliukozidazés aktyvumu, dél kurio
S1 padermé nebuvo pasirinkta tolesniems tyrimams.

Tiriant atrinktos L. paracasei A1l padermés technologines savybes nu-
statyta, kad §i padermé geba hidrolizuoti kazeing, o tai rodo jos potencialg
dalyvauti pieno produkty baltymy skaidyme. Tuo tarpu ekstralgstelinis prote-
olitinis ir lipolitinis aktyvumas nenustatytas. Padermé pasizyméjo vidutiniu
rigstinimo aktyvumu — per 6 valandas pH sumazéjo 1,48 = 0,01 vieneto, o
per 24 valandas — 2,46 + 0,01 vieneto.

Angliavandeniy fermentacijos tyrimai parode¢, kad L. paracasei A11 geba
selektyviai fermentuoti jvairius angliavandenius. Nustatytas teigiamas dau-
gelio monosacharidy (gliukozeés, galaktozes, fruktozeés, manozés ir kt.) bei
disacharidy (laktozés, maltozés, celobiozés, trehalozés) fermentavimas. Taip
pat padermé gebéjo fermentuoti trisacharidg melezitoze ir kai kuriuos gliko-
zidus. Kita vertus, dauguma kity tirty angliavandeniy nebuvo fermentuojami
arba buvo fermentuojami silpnai, kas rodo selektyvy Sios padermés metabo-
linj profil;.

[vertinus antimikrobinj aktyvuma nustatyta, kad L. paracasei A11 pasizy-
méjo skirtingo stiprumo inhibiciniu poveikiu jvairiems mikroorganizmams.
Stipriausias slopinimas nustatytas prie§ Debaryomyces hansenii ir Listeria
monocytogenes. Vidutinis slopinimo poveikis nustatytas prieS Pseudomo-
nas fluorescens, Escherichia coli, Bacillus cereus, Pseudomonas aeruginosa
ir kai kurias pelésiy rusis. Silpnesnis aktyvumas nustatytas prie§ kai kurias
mieles ir bakterijas, o prie§ Candida albicans it Mucor racemosus slopinimo
nenustatyta.

Probiotinés savybés buvo vertinamos nustatant L. paracasei A11 atsparu-
ma ragsciai ir tulzies druskoms. Esant Zemam pH (2,5), bakterijy gyvybin-
gumas iSliko nepakites net po 3 valandy inkubacijos, o tai rodo didel; atspa-
ruma rigstinei terpei. TulZies drusky poveikio tyrimai parodé, kad net esant
didziausiai (1 proc.) jy koncentracijai bakterijy kiekis sumazéjo, taciau isliko
pakankamai didelis (6,66 log,, KSV/g), 0 i8gyvenamumas sieke apie 73 proc.
Sie rezultatai rodo, kad L. paracasei A11 yra gerai prisitaikiusi prie vir§kina-
mojo trakto salygy.

Ivertintas L. paracasei A11 augimas skirtingose terpése — MRS sultinyje,
taip pat SRIBK ir SRIP terpése. Nustatyta, kad augimo terpe ir inkubacijos
trukmé tur¢jo statistiSkai reikSmingg jtaka tiek pH pokyciams, tiek bakterijy
augimui ir gyvybingy lgsteliy skaiciui (p < 0,05). MRS sultinyje nustatytas
intensyvus riigs§téjimas: pH per 48 valandas sumazéjo nuo 6,25 iki 3,46 viene-

104



ty. SRIBK terp¢je pH poky¢iai buvo minimalis ir véliau iSliko stabiliis (nuo
4,70 1ki 4,49 per 48 val.). SRIP terp¢je pH reikSmés viso auginimo laikotarpiu
1§ esmés nekito (nuo 4,36 iki 4,25 per 48 val.), o tai rodo mazg fermentacijos
aktyvumg. Tyrimy metu nustatyta, kad bakterijy augimas reikSmingai pri-
klausé nuo terpés sudéties (p < 0,05). MRS sultinyje stebétas intensyviausias
augimas — per 48 valandas bakterijy skai¢ius padid¢jo nuo 5,51 + 0,02 iki
9,23 +0,03 log,, KSV/g, o didZiausias augimo Suolis nustatytas per pirmgsias
24 valandas. SRIBK terpéje augimas buvo létesnis, taciau tolygus — bakterijy
skaiCius per tg patj laikotarpj padidéjo iki 8,30 + 0,02 log . KSV/g. Tuo tarpu
LAWP terpéje augimas buvo ribotas — pradzioje bakterijy skai¢ius sumazgjo,
véliau nezymiai padidejo iki 6,3 + 0,03 log | KSV/g, kas rodo maZzg Sios ter-
pés tinkamumga bakterijy dauginimuisi.

Vertinant metabolinj aktyvumg nustatyta, kad jis reikSmingai priklause
nuo terpés sudéties (p < 0,05). MRS sultinyje stebétas intensyvus gliukozés
sunaudojimas — jos koncentracija sumazéjo nuo 1,67 iki 0,15 proc. Tuo tarpu
SRIBK terpéje nustatyti nedideli gliukozés kiekio pokyciai (sumazéjo nuo
0,66 iki 0,57 proc.), o SRIP terp¢je — sumaz¢jo reikSmingai (nuo 0,45 iki
0,02 proc.) (p < 0,05), nors tai nebuvo susij¢ su intensyviu bakterijy augi-
mu ir gali biiti paaiSkinama mazesniu pradiniu angliavandeniy kiekiu Sio-
je terpéje. SRIBK terpé¢je nustatytas nezymus, taCiau statistiSkai reikSmin-
gas galaktozés ir laktozés koncentracijos sumazéjimas (p < 0,05), tuo tarpu
SRIP terpéje reikSmingy Siy cukry pokyciy nenustatyta (p > 0,05). Rugscéiy
susidarymas atitiko Sias tendencijas: MRS sultinyje nustatytas didziausias
pieno riigsties (nuo 34,45 iki 1462,95 mg/100 g) ir laktato (nuo 34,06 iki
1442,17 mg/100 g) kiekio padidéjimas; SRIBK terpé¢je Sie procesai vyko nuo-
saikiau (pieno rugstis padidéjo nuo 847,01 iki 1030,23 mg/100 g, o laktato
kiekis did¢jo nuo 837,20 iki 1019,09 mg/100 g); SRIP terpéje buvo maziau-
siai intensyviis (pieno riigstis padidéjo nuo 120,0 iki 431,0 mg/100 g, o lakta-
to kiekis padidéjo nuo 113,01 iki 416,01 mg/100 g). Tai rodo, kad fermenta-
cijos aktyvumas tiesiogiai priklausé€ nuo terpés maistiniy medziagy sudéties.

Tiriant bakterijy augimg bioreaktoriuje patvirtintos anks¢iau nustatytos
tendencijos — SRIP terpéje bakterijy augimas nenustatymas, kas gali biiti sie-
jama su ribotu maistiniy medziagy kiekiu. Tuo tarpu MRS sultinyje ir SRIBK
terpéje nustatytas aktyvus bakterijy augimas. MRS sultinyje vyko intensyvus
eksponentinis augimas, o0 SRIBK terpéje nustatytas diauksinis augimas — pir-
majai fazei budingas didesnis augimo intensyvumas, o antrojoje fazé¢je augi-
mas sulétéjo, siejant tai su skirtingy substraty panaudojimu. Atsizvelgiant }
gautus rezultatus ir SRIBK terpéje nustatyta aktyvy bakterijy augima, bakte-
rijy kultivavimui buvo pasirinkta §i terpé, kuri véliau panaudota valgomyjy
dangy kturimui.
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Tyrimo metu paruostos keturios valgomyjy dangy kompozicijos, naudo-
jant SRIBK ir SRIP pagrindus su ir be jterptos L. paracasei A1l padermes.
I$ $iy kompozicijy paruosti tirpalai ir plévelés buvo tiriami siekiant jvertinti
iSriigy produkty tinkamuma kompozicijy kiirimui bei padermés jtaka jy sa-
vybéms.

Reologiniai tyrimai parodé, kad valgomyjy dangy tirpaly klampa priklau-
sé nuo jy sudéties — SRIP pagrindu sudaryty dangy tirpalai pasiZymeéjo ma-
zesne klampa (19,64 Pa) nei SRIBK pagrindu paruosti tirpalai (37,58 Pa), o
L. paracasei All jterpimas reikSmingai sumazino SRIBK tirpaly klampg —
apie 13,24 Pa (p < 0,05).

Vertinant valgomyjy dangy pléveliy fizines ir optines savybes nustatyta,
kad jy sudétis ir jterpta padermé tur¢jo jtakos daugumai tiriamy parametry.
Pléveliy storis priklausé nuo pagrindo — SRIP pagrindu pagamintos pléve-
lés buvo plonesnés (apie 0,13 um), tuo tarpu SRIBK pagrindu pagamintos
kontrolinés plévelés — storesnés (0,28 um), o jterpta padermé reikSmingai
sumazino jy storj iki 20 pum (p < 0,05). Nors tempimo stipris tarp skirtingy
pléveliy tipy reikSmingai nesiskyré (p > 0,05), elastingumo rodikliai (pailge-
jimas iki plySimo) skyrési reikSmingai — SRIP pagrindu pagamintos pléve-
lés pasizyméjo didesniu tamprumu (apie 28,75 proc.), palyginti su SRIBK
kontrolinémis plévelémis (9,36 proc.) (p < 0,05). Taciau L. paracasei All
jiterpimas j SRIBK pléveles reikSmingai padidino jy elastinguma — nuo 9,36
iki 23,87 proc. (p < 0,05). Vertinant pléveliy drégmés kiekj nustatyta, kad
SRIP plévelése jis buvo reikSmingai didesnis (apie 32,91 proc.) nei SRIBK
plévelése (iki 22,84 proc.), kas siejama su skirtingu sausyjy medziagy kiekiu
kompozicijose. Tuo tarpu pléveliy vandens gary pralaidumas ir tirpumas van-
denyje tarp skirtingy kompozicijy reik§mingai nesiskyre (p > 0,05). Optiniy
savybiy analizé parod¢, kad pléveliy Sviesos pralaidumas ir spalviniai para-
metrai priklausé¢ nuo jy sudéties. SRIP plévelés pasizyméjo didesniu Svie-
sos pralaidumu ir Sviesumu (apie 12,23 proc. ir L* apie 92,84) nei SRIBK
kontrolinés plévelés (21,59 proc. ir L* 84,34), taCiau L. paracasei All jter-
pimas reikSmingai padidino SRIBK pléveliy Sviesos pralaiduma ir Sviesuma
(17,09 proc. ir L* 88,23) (p < 0,05). Be to, nustatyta, kad pléveliy kompo-
zicija tur¢jo jtakos spalviniams parametrams — SRIBK plévelés pasizyméjo
mazesnémis a* ir didesnémis b* reik§mémis, palyginti su SRIP plévelémis.
Siems skirtumams jtakos galéjo turéti skirtingas sausyjy medziagy kiekis
SRIP ir SRIBK kompozicijose.

Morfologiné analizé parodé pléveliy struktiiros skirtumus — SRIBK pléve-
1és pasizyméjo nevienalyCiu pavirSiumi su kristalinémis strukttiromis, o SRIP
plévelés buvo porétesnés. Elementinés sudéties tyrimai parodé, kad pagrin-
diniai pléveliy komponentai buvo anglis ir deguonis, o kity elementy aptikta
tik nedideliais kiekiais.
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Vertinant L. paracasei A1l i§gyvenamuma plévelése, nustatyta, kad dzio-
vinimo procesas, priklausomai nuo pléveliy sudéties, skirtingai veiké PRB
iSgyvenamumg. SRIBK plévelése po dziovinimo gyvybingy PRB skaiius
reikSmingai padidéjo (nuo 7,16 iki 7,67 log, , KSV/g), tuo tarpu SRIP pleé-
velése nustatytas nedidelis, taCiau reikSmingas sumazéjimas (nuo 7,60 iki
7,53 log,, KSV/g) (p < 0,05). Laikymo metu (4 °C, 21 d.) abiejy kompozi-
cijy plévelése nustatytas reikSmingas gyvybingy PRB skaifiaus maz¢jimas,
taCiau jis buvo ryskesnis SRIP plévelése. SRIBK plévelése bakterijy skaicius
sumazéjo nuo 7,67 iki 5,21 log  KSV/g per 21 dieng, o SRIP plévelése — nuo
7,53 1ki 4,76 log,  KSV/g per 14 dieny (p < 0,05). Lyginant PRB iSgyvenamu-
mg nustatyta, kad SRIBK pagrindu sudarytose plévelése bakterijy gyvybin-
gumas viso laikymo laikotarpiu buvo reik§mingai didesnis nei SRIP plévelése
(p <0,05).

Atsizvelgiant | ankstesniy tyrimy rezultatus, tolesniems eksperimentams
buvo atrinkta SRIBK pagrindu pagaminta valgomoji danga, su ir be jterptos
L. paracasei A11 padermés, kuri buvo aplikuota ant jprasto (]) ir probiotinio
(P — su Lactiplantibacillus plantarum Tensia) Edam tipo siirio prie$ brandi-
nimg. Striy kokybés, cheminiai ir mikrobiologiniai rodikliai buvo vertinti 1,
45 ir 135 laikymo dienomis, atitinkamai prie§ brandinima, po brandinimo ir
laikymo pabaigoje. Kadangi jprasty ir probiotiniy siiriy gamybai buvo pa-
naudotos skirtingos pieno partijos, Siy striy rezultatai buvo analizuojami ir
interpretuojami atskirai, jy tarpusavyje nelyginant.

Vertinant fizikinius ir cheminius rodiklius nustatyta, kad pH, a  ir SM kie-
kis reik§mingai priklausé nuo meéginio tipo ir laikymo trukmés ir Siy veiksniy
sgveikos abiejy tipy siiriuose (p < 0,01). Iprastuose stiriuose laikymo metu
pH did¢jo ir laikymo pabaigoje sieké iki 5,51 kontroliniuose méginiuose,
tuo tarpu dengtuose meéginiuose buvo reikSmingai mazesnis (apie 5,29-5,36)
(p <0.05). A, laikymo metu maZz¢jo, taciau laikymo pabaigoje | + SRIBK +
L. p méginiuose isliko reikSmingai didesnis (0,943), palyginti su kontroliniais
Jprasto siirio méginiais (0,939) (p < 0,05). SM kiekis kito priklausomai nuo
meéginio — laikymo pabaigoje didziausias nustatytas | + SRIBK + L. p mégi-
nyje (53,72 proc.). AE jprastuose siiriuose laikymo metu reikSmingai nesisky-
ré. Probiotiniuose siiriuose nustatytos panasios tendencijos. pH laikymo metu
didé¢jo (iki 5,33 kontroléje), taciau dengtuose méginiuose buvo stebimi dides-
ni svyravimai. A maz¢jo, o maziausia reikSme buvo P + SRIBK + L. p mé-
ginyje brandinimo metu (0,927) (p < 0,05). SM kiekis reikSmingai padidéjo
P + SRIBK meéginyje po brandinimo (57,25 proc.), taciau laikymo pabaigoje
sumazejo iki 53,13 proc. ir buvo mazesnis nei kituose meéginiuose (p < 0,05).
Skirtingai nei jprastuose striuose, probiotiniuose siiriuose laikymo trukmeé
turéjo reikSminga poveiki AE, kas rodo, kad spalvos poky¢iai laikui beégant
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did¢jo. Taciau reikSmingos meéginio ir laikymo dieny saveikos nenustatyta,
todél galima teigti, kad dangos neturéjo poveikio spalvos kitimui.

RR analiz¢ parod¢, kad striy brandinimo pradzioje reikSmingy skirtumy
tarp jprasty ir probiotiniy siirio méginiy nebuvo. Laikymo pabaigoje maziau-
sias soCiyjy riebaly rugsciy kiekis nustatytas | + SRIBK + L. p méginyje
(68,66 g/100 g bendro RR kiekio), o didziausias — jprasto siirio kontrolinia-
me meéginyje (68,92 g/100 g bendro RR kiekio) (p < 0.05). Nesociyjy rie-
baly rtgsciy ir DFA kiekis buvo didziausios | + SRIBK + L. p méginyje
31,34 g/100 g bendro RR kiekio ir 40,14 g/100 g bendro RR kiekio, atitin-
kamai (p < 0.05). Tuo tarpu, Al laikymo metu mazéjo ir buvo reikSmingai
maziausias | + SRIBK + L. p méginyje (p < 0,05). Taip pat nustatyta, kad
laikymo metu valgomosiomis dangomis padengtuose jprasty stiriy méginiuo-
se sumazejo ilgos grandinés ir padidéjo trumpos grandinés riebaly rigsciy
kiekis (p < 0,05). Omega-3 ir omega-6 riebaly rugsciy kiekis laikymo metu
reikSmingai nesikeité, taciau n-6/n-3 santykis didéjo ir buvo didziausias
I + SRIBK + L. p méginyje (p < 0,05). Trans RR kiekis laikymo metu di-
déjo visuose méginiuose, o laikymo pabaigoje buvo didziausias | + SRIBK
+ L. p méginyje (3,22 g/100 g bendro riebaly rtigsciy kiekio), palyginti su
I + SRIBK meéginiu, kuriame nustatyta reikSmingai maziausia reikSmé —
3,19 g/100 g (p < 0,05). Probiotiniuose siirtuose po brandinimo (45 dieng)
valgomosiosmis dangomis dengtuose méginiuose nustatytas didesnis so¢iyjy
RR kiekis, o kontroliniuose — didesnis mononesoc¢iyjy ir bendras nesociyjy
RR kiekis (p <0,05). Taip pat nustatyta, kad P+ SRIBK + L. p méginyje ome-
ga-6 kiekis buvo didziausias (2,07 g/100 g bendro RR kiekio), o omega-3 —
maziausias (0,80 g/100 g bendro RR kiekio), palyginti su kontroliniu méginiu
(atitinkamai 2,04 ir 0,83 g/100 g bendro RR kiekio) (p < 0,05), todél kontro-
1¢je nustatyti mazesni n-6/n-3 santykis bei lipidy kokybés rodikliai (AL, TI).
Laikymo pabaigoje (135 dieng) kontroliniuose probiotinio stirio méginiuose
nustatytas so¢iyjy RR, n-6/n-3 santykio ir trombogeniskumo indekso padidé-
jimas, o mononeso¢iyjy RR, bendras nesociyjy RR riigs¢iy ir omega-3 kiekis
sumazéjo (p < 0,05). Dengtuose méginiuose nustatyta prieSinga tendencija —
sumazg¢jo ilgos grandinés ir padidéjo trumpos grandinés RR kiekis (p < 0,05).

Mikrobiologiniai tyrimai parod¢, kad valgomosios dangos turéjo reiks-
mingg poveikj mikroorganizmy pasiskirstymui tiek jprastuose, tiek probio-
tiniuose siiriuose. Abiejose siiriy grupése laikymo pradzioje bendras bakte-
rijy skaicius (BBS) siirio matricoje buvo didesnis valgomosiomis dangomis
padengtuose méginiuose (apie 8,43 log,, KSV/g), palyginti su kontroliniais
(apie 7,50 log,, KSV/g) (p < 0,05). Po brandinimo (45 dieng) abiejose si-
riy grupése BBS reikSmingai padidéjo ir sieke apie 8,79 log,, KSV/g val-
gomosiomis dangomis padengtuose meginiuose bei apie 7,79 log,, KSV/g
kontroliniuose siiriy méginiuose (p < 0,05). Laikymo pabaigoje didziausias
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BBS nustatytas kontroliniuose méginiuose, tuo tarpu dangomis padengtuose
meéginiuose jis buvo reikSmingai maZesnis (p < 0,05). PRB skai¢ius jprastuo-
se striuose laikymo metu reikSmingai mazéjo (p < 0,05), tuo tarpu probio-
tiniuose striuose kito priklausomai nuo laikymo trukmés (p < 0,05), taciau
nuoseklios mazéjimo tendencijos nenustatyta. Be to, probiotiniy stiriy matri-
coje nustatyta jterpty probiotiniy L. plantarum augimo tendencija — $iy bak-
terijy kiekis laikymo metu reikSmingai did¢jo ir laikymo pabaigoje sieke iki
7,30 log,, KSV/g (p <0,05).

Stirio pavirSiaus mikrobiologiné analizé parod¢, kad mikroorganizmy pa-
siskirstyma reikSmingai veiké L. paracasei A11 jterpimas j valgomaja danga.
Laikymo pradzioje BBS ir PRB kiekis siirio pavirSiuje nustatytas tik abiejy
striy grupiy méginiuose, padengtuose SRIBK pagrindu suformuota danga su
L. paracasei A11. Abiejy mikroorganizmy grupiy koncentracija buvo panasi
ir sieke 5,99 log,, KSV/g. Siuose méginiuose taip pat nustatytas L. para-
casei kiekis, siekes apie 5,63 log ; KSV/g. Po brandinimo (45 dieng) abie-
Jjy striy grupiy meéginiy pavirsiuje nustatytas reikSmingas BBS padidéjimas
(p < 0,05), didziausias reikSmes fiksuojant kontroliniuose méginiuose — iki
8,79 log,, KSV/g jprastuose ir 8,54 log , KSV/g probiotiniuose siriuose.
PRB aptiktos tik SRIBK + L. p danga padengty méginiy pavirSiuje, o jy
kiekis statistiSkai reikSmingai didéjo (p < 0,05) ir sieke 6,58 log , KSV/g
Iprastuose bei 6,76 log , KSV/g probiotiniuose siriuose. Atitinkamai
L. paracasei kiekis taip pat did¢jo ir pasieke 6,52 log, . KSV/g jprastuose bei
6,27 log,, KSV/g probiotiniuose méginiuose (p < 0,05). Laikymo pabaigoje
(135 dieng) nustatyta, kad BBS ir PRB kiekiai abiejose siiriy grupése tarp
meéginiy reikSmingai skyrési (p < 0,05). Maziausios $iy rodikliy reikSmés
nustatytos kontroliniy méginiy pavirsiuje, o didziausios — SRIBK pagrindu
suformuotomis dangomis padengtuose meginiuose. L. paracasei kiekis laiky-
mo metu toliau did¢jo ir laikymo pabaigoje sieke 6,70 log, KSV/g jprastuose
bei 6,57 log,, KSV/g probiotiniuose siiriuose (p < 0,05). Pelésiai ir mielés
laikymo pradzioje nenustatyti, taciau laikymo pabaigoje aptikti tik kontro-
liniuose ir SRIBK danga be bakterijy padengtuose meéginiuose (iki 2,30—
2,97 log,, KSV/g). Tuo tarpu méginiuose, padengtuose SRIBK + L. p danga,
Siy mikroorganizmy per visg laikymo laikotarpj nenustatyta, patvirtinant dan-
gos su L. paracasei A11 potencialy antimikrobinj poveik].

Jusling analizé¢ parodé, kad valgomosios dangos su L. paracasei All
turéjo reikSminga poveikj siiriy kokybei abiejose siiriy grupése. Po bran-
dinimo (45 dieng) didziausias bendro priimtinumo jvertinimas nustatytas
I+ SRIBK + L. p jprasto stirio méginiuose (85,54 + 7,14), jis buvo reik§Smin-
gai didesnis nei kontroliniy méginiy (61,52 + 4,32) (p < 0,05). Analogiska
tendencija nustatyta ir probiotiniuose siiriuose, kuriuose P + SRIBK + L. p
méginiai pasizymejo reikSmingai auksStesniais skonio ir i§vaizdos rodikliais
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(p <0,05). Laikymo pabaigoje (135 dieng) valgomosiomis dangomis padeng-
ti méginiai su L. paracasei All abiejose suriy grupése pasizyméjo reiks-
mingai auk$tesniais skonio, tekstiiros ir bendro priimtinumo jvertinimais,
lyginant su kontroliniais méginiais (p < 0,05). Tuo tarpu kai kuriuose mégi-
niuose nustatytas reikSmingas i§vaizdos rodikliy sumaz¢jimas laikymo metu
(» <0,05), tac¢iau SRIBK + L. p danga padengtuose abiejy siiriy grupiy meégi-
niuose reikSmingy Sio parametro pokyc¢iy nenustatyta. Gauti rezultatai rodo,
kad L. paracasei A1l jterpimas j valgomaja dangg tur¢jo teigiamg poveik]j
juslinéms savybéms ir uztikrino jy iS§saugojima bei stabilumg laikymo metu.

Atsizvelgiant | valgomyjy dangy su L. paracasei A11 ir probiotinés starte-
rinés kultiiros L. plantarum Tensia taikyma, buvo vertintas PRB, L. paracasei
ir L. plantarum kiekis jprastuose ir probiotiniuose Edamo tipo siiriuose pries
ir po in vitro virskinimo, taikant INFOGEST virskinimo modelj, 1 ir 45 bran-
dinimo dienomis.

Nustatyta, kad tiek jprastuose, tiek probiotiniuose siiriuose PRB kiekis
po in vitro virskinimo reikSmingai sumazéjo (p < 0,05), kas rodo virskini-
mo proceso neigiamg poveikj PRB gyvybingumui. [prastuose siiriuose PRB
kiekis 1 dieng pries virSkinimg sieke 8,47-8,69 log KSV/g ir po vir§kinimo
sumazejo, skirtumui siekiant 0,50-0,96 log, , KSV/g (p < 0,05). L. paracasei
nustatyta tik | + SRIBK + L. p méginiuose, o jos kiekis po virSkinimo reiks-
mingai nekito (apie 5,06 log,, KSV/g; p > 0,05), kas rodo Sios riiSies bakterijy
stabilumg virskinimo salygomis. L. plantarum bakterijos jprasty siiriy mégi-
niuose nenustatytos. Tuo tarpu probiotiniuose stiriuose PRB kiekis pries virs-
kinimg buvo panaus (8,47-8,68 log,, KSV/g), taciau po virSkinimo taip pat
reikSmingai sumaz¢jo, skirtumui siekiant 0,68-0,86 log / KSV/g (p < 0,05).
L. plantarum kiekis po virSkinimo reikSmingai padidé¢jo, pokyc¢iui siekiant
0,48-0,81 log , KSV/g (p < 0,05), kas gali biiti siejama su Siy bakterijy buvi-
mu siirio matricoje sudétine starterinés kultiiros dalimi. L. paracasei bakterijy
kiekis po virSkinimo reikSmingai nekito (apie 6,46 log, KSV/g; p > 0,05).

Po 45 dieny brandinimo jprastuose siiriuose PRB kiekis prie§ virSkinima
reikSmingai padidéjo iki 8,82-8,88 log,  KSV/g (p < 0,05), taCiau po virs-
kinimo sumazg¢jo, kas atspindi bendra PRB skai¢iaus maz¢jimo tendenci-
ja virskinimo salygomis. L. paracasei kiekis pries§ virskinimg padidéjo iki
7,59 log,, KSV/g, o po virSkinimo sumazé¢jo iki 5,88 log,  KSV/g (p < 0,05),
kas rodo, kad Siy bakterijy kiekis didé¢jo brandinimo metu, ta¢iau sumazéjo po
in vitro virskinimo. Probiotiniuose siiriuose po brandinimo nustatytas reiks-
mingas L. plantarum kiekio padidéjimas (6,97 log, , KSV/g kontroliniuose
meéginiuose ir 7,06 log,, KSV/g P + SRIBK méginiuose; p < 0,05). Tuo tar-
pu P + SRIBK + L. p méginiuose Siy bakterijy kiekis buvo mazesnis (apie
6,11 log,, KSV/g; p <0,05). Po in vitro virSkinimo visy meginiy PRB kiekis
sumazgjo, o L. paracasei kiekis sumazejo iki 5,02 log , KSV/g (p < 0,05).

110



In vitro virSkinimas tur¢jo reikSmingg jtaka L. plantarum bakterijy kiekiui,
kuris sumaz¢jo P+ SRIBK + L. p méginiuose (6,11 log, , KSV/g; p <0,05), ir
biitent Siuose méginiuose nustatytas maziausias Siy bakterijy kiekis, palyginti
su kitais méginiais. Tai gali rodyti galimg mikroorganizmy tarpusavio sgveika
stirio matricoje.

Striy mikrobiotos analizé parod¢, kad abiejy striy tipuose dominavo Lac-
tococcus genties bakterijos, kuriy santykiné gausa virsijo 97 proc. jprastuose
ir sieké apie 85 proc. probiotiniuose siiriuose, kas rodo starterinés kulttiros
dominavimg formuojant mikrobiotos struktiirg. Dangy tipas reikSmingos jta-
kos dominuojanc¢iy genciy pasiskirstymui neturéjo (p > 0,05). Nedominuo-
jan¢iy mikroorganizmy jvairové buvo didesné probiotiniuose siiriuose, ta-
¢iau reikSmingy skirtumy tarp méginiy ar brandinimo trukmés nenustatyta
(p > 0,05). Lacticaseibacillus ir Lactiplantibacillus gentims priskiriamy mi-
kroorganizmy santykiné gausa i$liko maza (< 1 proc.), rodancia, kad jterptos
padermés netapo dominuojancia mikrobiotos dalimi.

Pagrindiniy komponenty analizé parodé skirtingg jprasty ir probioti-
niy siiriy méginiy iSsidéstyma. [prasty stiriy méginiai sudaré kompaktis-
ka klasterj, o tarp 1 ir 45 brandinimo dieny stebétas reikSmingas poslinkis
(PERMANOVA; p < 0,05), rodantis mikrobiotos struktiiros pokycius
brandinimo metu. Méginio tipas reikSmingos jtakos mikrobiotai neturé¢jo
(PERMANOVA; p > 0,05), tatiau nustatyta reikSminga méginio tipo ir
brandinimo trukmés sgveika (PERMANOVA; p < 0,05). Taciau poriniai
PERMANOVA palyginimai neparodé¢ reik§mingy skirtumy tarp atskiry megi-
niy né vienu brandinimo laikotarpiu (p > 0,05), todél reikSmingo valgomyjy
dangy poveikio mikrobiotos struktiirai nenustatyta. Probiotiniy siiriy mégi-
niai pasizyméjo didesniu i8sisklaidymu ir neparodé nuoseklaus grupavimosi
nei tarp skirtingy méginiy, nei tarp brandinimo laikotarpiy, o reikSmingy mi-
krobiotos strukttiros poky¢iy nenustatyta (p > 0,05).

Siekiant jvertinti valgomyjy dangy su L. paracasei A1l ir probiotinés star-
terinés kultiiros L. plantarum Tensia poveik] baltymy hidrolizés ir virSkina-
mumo procesams, buvo analizuojamas baltymy tirpumas, mazos molekulinés
mases peptidy kiekis ir baltymy virSkinamumas po in vitro virskinimo.

Iprastuose siiriuose po 45 dieny brandinimo didZiausias baltymy tirpumas
nustatytas | + SRIBK méginiuose (88,2 proc.), o maziausias— ]+ SRIBK + L. p

méginiuose (85,2 proc.), palyginti su kontroliniais meginiais (87,0 proc.)
(p <0,05). Tuo tarpu probiotiniuose stiriuose didziausias tirpiy baltymy kie-
kis nustatytas P + SRIBK + L. p méginiuose (80,3 proc.) (p < 0,05), lyginant
su P+ SRIBK + L. p (77,5 proc.) ir probiotiniy siiriy kontroliniais méginiais
(P (C); 76,7 proc.).

Iprastuose striuose mazos molekulinés masés peptidy kiekis buvo di-
dziausias kontroliniuose méginiuose (86,6 proc.), o valgomyjy dangy tai-
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kymas buvo susijes su reikSmingai mazesnémis Sio rodiklio reik§mémis
(p <0,05). Probiotiniuose siiriuose nustatytas prieSingas pasiskirstymas — di-
desnis Siy peptidy kiekis nustatytas méginiuose su valgomosiomis dangomis
(86,3-86,4 proc.) (p <0,05).

Ivertintas baltymy virSkinamumas, kuris jprastuose stiriuose buvo mazes-
nis | + SRIBK + L. p méginiuose (73,5 proc.), palyginti su kontroliniais jpras-
to strio méginiais (75,4 proc.; p < 0,05). Probiotiniuose siiriuose nustatytas
priesingas pasiskirstymas — didziausias virSkinamumas nustatytas P+ SRIBK
+ L. p méginiuose (69,4 proc.), lyginant su P + SRIBK (66,9 proc.) méginiais
ir probiotinio stirio kontroliniais méginiais (66,1 proc.; p <0,05). Gauti rezul-
tatai rodo, kad valgomyjy dangy poveikis baltymy hidrolizés ir virSkinamu-
mo rodikliams priklausé nuo siirio tipo ir L. paracasei A11 jterpimo i danga,
taciau Siy skirtumy mechanizmui iSsiaiSkinti reikalingi tolesni tyrimai.

ISVADOS

1. Taikant standartizuota INFOGEST in vitro virSkinimo metoda i§ 20
rauginty karvés pieno méginiy buvo iSaugintos 22 bakterijy kolonijos:
1.1.18 jy 4 padermés (18 proc.) identifikuotos kaip Lactobacillus spp.,

iskaitant Lacticaseibacillus paracasei ir Lactiplantibacillus plan-
tarum rusis.

1.2.18 tirty padermiy L. paracasei All pasizymejo tinkamiausiomis
saugos, technologinémis ir probiotinémis savybémis. Nustatyta,
kad $i padermé neturé¢jo hemolizinio aktyvumo, buvo jautri daugu-
mai tirty antibiotiky (iSskyrus igimta atsparumg vankomicinui), pa-
sizymejo dideliu atsparumu rigsciai ir tulzies druskoms (100 proc.
iSgyvenamumas esant pH 2,5 ir 73 proc. — esant 1 proc. tulZies
koncentracijai), taip pat slopino gedima sukelianCiy ir patogeniniy
mikroorganizmy augima: mieléms nustatytos iki 25 mm, o Listeria
monocytogenes — iki 15 mm slopinimo zonos.

2. Atrinktos probiotiniy savybiy L. paracasei A1l padermés auginimas
antrinése pieno pramongs zZaliavose patvirtino §iy terpiy tinkamuma
bakterijy kultivavimui:

2.1. L. paracasei A1l augimas buvo stabilesnis SRIBK terp¢je, kurioje
nustatytas didesnis biomases kiekis (8,3 log , KSV/g), lyginant su
SRIP terpe.

2.2. Nustatyta, kad padermé aktyviai metabolizavo angliavandenius, o
pieno rugsties ir laktato koncentracijy pokyciai patvirtino efektyvy
metabolinj aktyvuma SRIBK terpéje.
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2.3. SRIP terpé buvo maziau tinkama bakterijy augimui dél mazesnio
maistiniy medziagy kiekio, todél nustatytas mazesnis bakterijy bio-
masés kiekis (6,30 log,, KSV/g).

3. Sukurtos ir jvertintos valgomosios dangos, pagamintos i$ antriniy pieno
pramongs zaliavy, | kuriy sudétj jterptos probiotiniy savybiy laktobaci-
los:

3.1.L. paracasei A1l jterpimas i SRIBK pagrindu pagamintus valgo-
myjy dangy tirpalus sumazino jy klampuma bei reikSmingai padi-
dino pléveliy elastingumg ir skaidruma (p < 0,05).

3.2.Po dziovinimo SRIBK pagrindu pagamintose plévelése nustatytas
PRB skaicius sieke 7,67 log , KSV/g, kuris po 21 dienos laikymo
4 °C temperatiroje sumazgjo iki 5,21 log KSV/g, taciau iSliko di-
desnis nei SRIP pagrindu pagamintose plévelése.

4. Iprasty ir probiotiniy Edam tipo siiriy padengimas valgomosiomis dan-
gomis pagerino jy saugg ir kokybe¢ brandinimo bei laikymo metu:

4.1. Valgomosiomis dangomis dengtuose stiriuose nustatytos reikSmin-
gai mazesnés pH reikSmes (p < 0,05), taip pat nustatyti a_ ir SM
kiekio skirtumai, o AE tarp meéginiy reikSmingai nesiskyré.

4.2. Valgomosios dangos turéjo jtakos RR sudéciai. [prastuose stiriuose
dangos su L. paracasei A11 buvo susijusios su sumazejusiu so¢iyjy
ir padidéjusiu nesociyjy RR kiekiu bei palankesniais lipidy koky-
bés rodikliais (Al ir DFA) laikymo pabaigoje (p < 0,05), o probioti-
niuose striuose $ios tendencijos buvo maziau nuoseklios.

4.3. L. paracasei kiekis siirio pavirSiuje laikymo metu didéjo ir laikymo
pabaigoje sieke 6,70 log,, KSV/g, patvirtinant Sios raSies bakterijy
1Sgyvenamuma.

4.4. Dangos su L. paracasei A11 veiksmingai slopino gedimg sukelian-
¢iy mikroorganizmy augimg — pelésiai ir mielés (2,30-2,97 log,,
KSV/g) nustatyti tik kontroliniuose ir SRIBK dangomis be bakte-
rijy padengtuose méginiuose, tuo tarpu meginiuose su SRIBK + L.
p. dangomis jy nenustatyta.

4.5. Jusliné analizé parod¢, kad SRIBK + L. p. dangomis padengti siiriai
pasizymeéjo reikSmingai geresnémis skonio ir bendro priimtinumo
savybémis, o bendro priimtinumo jvertinimas sieke iki 85,96 balo,
palyginti su kontroliniais méginiais (p < 0,05).

5. In vitro virS$kinimas parodé valgomosiomis dangomis padengty striy
funkcinj potencialg:

5.1.In vitro virskinimas reikSmingai sumazino PRB skaiCiy visuose

meéginiuose (p < 0,05), tatiau L. paracasei rusies bakterijos iSliko
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aptinkamos (5,02-6,46 log , KSV/g), patvirtinant jy gebeéjimg iSlik-
ti virskinimo salygomis.

5.2. Valgomosios dangos su L. paracasei A1l neturéjo reikSmingos jta-
kos siiriy mikrobiotai (p > 0,05), kuri brandinimo metu isliko domi-
nuojama starteriniy Lactococcus genties bakterijy.

5.3. Probiotinio siirio matricoje aptiktos L. plantarum (naudota kaip
probioting starteriné kultiira L. plantarum Tensia) ir L. paracasei
(L. paracasei A1l jterpta  valgomaja dangg), kas rodo jy gebéjima
vienu metu islikti toje pacioje siirio matricoje. Vis délto jy islikimas
padermiy lygmeniu gali buti patvirtintas tik atlikus viso genomo
sekoskaitos analizg.

5.4.Baltymy virSkinamumui jtakos turéjo valgomosios dangos ir |
jas jterpta L. paracasei All: probiotiniuose striuose dangos su
L. paracasei A1l buvo susijusios su didesniu baltymy vir§kinamu-
mu (iki 69,4 proc.; p < 0,05), tuo tarpu jprastuose striuose nusta-
tyti skirtumai nebuvo susij¢ su baltymy virS§kinamumo padidéjimu
(» <0,05).

REKOMENDACIJOS

. In vitro virskinimo modelio taikymas prie§ bakterijy iSskyrima gali bati
veiksminga priemoné atrenkant riig§¢iai atsparias, probiotinio potenci-
alo turincias laktobacily padermes.

. SRIBK rekomenduojamas kaip tinkama antrin¢ pieno pramonés Zalia-
va, tinkama tiek laktobacily kultivavimui, tiek valgomyjy dangy kiiri-
mui.

. L. paracasei A11 padermé¢ gali biiti naudojama valgomosiose dangose
be papildomy apsauginiy komponenty, taip supaprastinant dangy sudétj
ir jy pritaikyma siiriy gamyboje.

. Valgomosios dangos su apsauginémis probiotiniy savybiy laktobaci-
lomis gali biiti taikomos siiriy gamyboje siekiant kontroliuoti gedima
sukelian¢iy mikroorganizmy augimg ir prailginti produkty galiojimo
laika.

. Valgomyjy dangy sudétis turéty buti optimizuojama, ypatingg démesj
skiriant naudojamy aliejy tipui ir siekiant uztikrinti stiriuose nuoseklius
riebaly riigsciy profilio pokycius.

. Taikant valgomasias dangas su jterptomis laktobacilomis probiotiniuo-
se striuose, butina jvertinti dangos sudedamyjy daliy ir starteriniy kul-
tiry saveika, nes ji gali turéti jtakos baltymy virSkinamumui ir kitiems
kokybés rodikliams.
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