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Abstract

Lactic acid bacteria (LAB) and yeasts constitute functionally important components of cheese
microbiota, contributing to acidification, aroma formation, prolonged shelf life and microbial safety.
This study investigated the antimicrobial activity, antibiotic susceptibility, and growth kinetics of
LAB and yeasts isolated from selected ripened Ugandan cheese varieties in order to evaluate their
suitability as starter or adjunct cultures. Isolates were identified through morphological, biochemical,
and molecular approaches. Antimicrobial activity against Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa was assessed using agar well diffusion following established protocols.
Antibiotic susceptibility was determined using disc diffusion in accordance with EUCAST and CLSI
guidelines. Growth kinetics across pH gradients were monitored using a Bioscreen C automated
microplate reader. The cheeses harbored diverse microbial communities, with considerable variation
in antimicrobial activity among isolates. Pediococcus pentosaceus exhibited clear inhibition of S. aureus,
whereas most isolates demonstrated limited antagonistic effects. Antibiotic susceptibility testing
revealed multidrug resistance in Pediococcus acidilactici and in some opportunistic contaminants,
emphasizing the need for careful safety assessments. Growth analysis showed that LAB grew
optimally at moderately acidic pH (4.5-5.5), while Yarrowia lipolytica and Staphylococci preferred near-
neutral conditions (pH 6.5-7.5). These findings highlight the presence of technologically valuable
strains in Ugandan cheeses while underscoring the importance of antibiotic resistance screening in
artisanal dairy systems. Select LAB strains, particularly P. pentosaceus and Lactiplantibacillus
plantarum, show potential for starter culture development following genomic safety verification.

Keywords: lactic acid bacteria; yeasts; antimicrobial activity; antibiotic resistance; starter cultures;
cheese microbiota; Uganda

1. Introduction

Traditional Ugandan cheeses represent an important component of the country’s culinary
heritage and nutritional landscape; however, their production largely occurs under artisanal or semi-
industrial conditions with minimal standardization. These cheeses are commonly produced from raw
or only lightly processed milk and lack defined starter cultures, resulting in diverse and unregulated
microbial communities [1,2]. Characterizing these microbial populations is essential for improving
food safety, ensuring product consistency, and supporting the development of starter cultures
suitable for traditional cheese production.

Lactic acid bacteria (LAB) are key contributors to dairy fermentations. Their ability to ferment
carbohydrates into lactic acid drives acidification, which aids in coagulation, texture development,
and inhibition of spoilage microorganisms. In addition to acidification, LAB synthesize a range of
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antimicrobial metabolites including bacteriocins, hydrogen peroxide, and diacetyl. These metabolites
play important roles in microbial antagonism and contribute to the safety and stability of fermented
foods [3-5]. Yeasts also participate actively in ripening processes. Species such as Yarrowia lipolytica
and Debaryomyces hansenii promote proteolysis, lipolysis, and aroma formation, influencing the
sensory attributes that characterize many traditional cheeses [6,7].

With the global rise in antimicrobial resistance (AMR), assessing the safety of microorganisms
used in foods has become increasingly important. Although LAB are generally regarded as safe,
several studies have reported the presence of intrinsic or acquired antibiotic resistance genes within
food-associated LAB, raising concerns about their potential contribution to the horizontal transfer of
resistance determinants in the human gut [8-10]. These risks may be exacerbated in informal dairy
systems where hygienic oversight is limited and microbial diversity is high. At the same time, certain
LAB and yeasts possess antimicrobial properties—such as bacteriocin production, competitive
exclusion, and killer toxin secretion—that make them promising candidates for natural
biopreservation strategies [3,11-13].

The technological suitability of LAB and yeasts is also strongly influenced by their physiological
responses to environmental factors such as pH and temperature. Growth kinetics provide insight into
microbial resilience and functional performance during fermentation, ripening, and storage. Acid-
tolerant LAB, for example, dominate early fermentation stages, whereas yeasts and staphylococci
often become more prevalent later as surface pH increases [14-16]. Evaluating these characteristics
helps identify strains capable of contributing reliably to cheese production, particularly in artisanal
settings with naturally variable conditions.

Therefore, this study aimed to characterize LAB and yeast isolates from selected ripened
Ugandan cheeses varieties. We assessed their antimicrobial activity, antibiotic susceptibility, and pH-
dependent growth kinetics. These findings contribute to a deeper understanding of the microbial
ecology of Ugandan cheeses and support the identification of safe and functional strains suitable for
potential use as starter or adjunct cultures in artisanal and semi-industrial cheese production.

2. Materials and Methods

2.1. Selection and Identification of Microbial Isolates

Lactic acid bacteria (LAB) and yeast isolates were obtained from previously characterized
microbial collections derived from selected three months old varieties of ripened cheese (Gouda,
Parmesan, Cheddar, and Jack) that were purchased from a local cheese-processing facility in
southwestern Uganda. Samples were collected in triplicates, in sterile containers and transported
under aseptic conditions to the laboratory of microbiology at Medical University of Graz, Austria for
analysis. The LAB isolates included Pediococcus pentosaceus, Pediococcus acidilactici, Lactococcus lactis,
Lactiplantibacillus plantarum, and Levilactobacillus brevis. These isolates had been identified through
morphological, biochemical, and MALDI-TOF MS approaches as described by Abarquero et al. [17].
The yeast Yarrowia lipolytica and the rind-associated bacterium Staphylococcus equorum were included
due to their technological relevance in cheese surface ripening [18].

All isolates were revived from —80 °C glycerol stocks on appropriate selective media. LAB
cultures were grown on de Man-Rogosa—Sharpe (MRS) agar, yeasts were cultured on Yeast Peptone
Dextrose (YPD) agar, and staphylococci on Mannitol Salt Agar (MSA), (all media purchased from
Merck, Austria). Pure colonies were subcultured twice before subsequent assays.

2.2. Antimicrobial Activity Assays

2.2.1. Agar Well Diffusion Method

Antimicrobial activity of isolates against Staphylococcus aureus ATCC 29219, Escherichia coli
ATCC 25922, and Pseudomonas aeruginosa ATCC 27837 was assessed using the agar well diffusion
method following Balouiri et al. [19] and Perez et al. [20], with slight modifications.
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LAB were incubated in MRS broth (Merck, Austria) at 37 °C for 48 h. Cultures were centrifuged
(4000 xg, 10 min), and the resulting cell-free supernatant (CFS) was filtered (0.22 um). Mueller—-Hinton
agar (MHA, Merck Austria) plates were inoculated with standardized pathogen suspensions (0.5
McFarland). Wells (6 mm) were cut aseptically, filled with 100 uL of CFS, and plates were incubated
at 37 °C for 24 h. Inhibition zone diameters were measured to the nearest millimeter.

2.2.2. Disc Spotting Confirmation Assay

To validate the well diffusion results, isolates were further tested using a disc-spot assay
described by Yang et al. [21]. Sterile filter discs were spotted with 10 uL of overnight cultures and
placed on freshly inoculated MHA plates. Plates were incubated for 24 h at 37 °C, after which
inhibition zones were recorded. Positive controls included nisin solution (10 pg/mL). Negative
controls consisted of uninoculated broth processed identically to test samples.

2.3. Antibiotic Susceptibility Testing

Antibiotic susceptibility was evaluated using the Kirby-Bauer disc diffusion method according
to European Committee on Antimicrobial Susceptibility Testing (EUCAST) and Clinical and
Laboratory Standards Institute (CLSI) recommendations [22,23]. A broad panel of 21 antibiotic discs
(Becton Dickinson, Austria) was used (Table 1) under the classes such as [-lactams,
Fluoroquinolones, Macrolides, Tetracyclines, Aminoglycosides, Oxazolidinones, Glycopeptides and
Sulfonamides.

Table 1. Antibiotic Discs Used in Susceptibility Testing.

No. Antibiotic Name Abbreviation Concentration (ug)
1 Amoxicillin-Clavulanic acid AMC 20/10
2 Cefuroxime CXM 30

3 Cefotaxime CTX 5

4 Ceftazidime CAZ 10

5 Cefoxitin FO 30

6 Piperacillin-Tazobactam TZP 36

7 Meropenem MEM 10

8 Imipenem IPM 10

9 Ciprofloxacin CcIp 5

10 Levofloxacin LVX 5

11  Moxifloxacin MXF 5

12 Rifampin RA 5

13 Linezolid LZD 10

14  Fusidic acid FA 10

15  Tetracycline TE 30

16  Erythromycin E 15

17  Gentamicin GM 10

18  Amikacin AN 30

19 Clindamycin CC 2

20  Vancomycin VA 5

21  Sulfamethoxazole-Trimethoprim STX 23.75/1.25

LAB isolates were grown in MRS broth for 18-24 h, adjusted to 0.5 McFarland, and spread on
Mueller-Hinton agar supplemented with 5% sheep blood where required. Plates were incubated
aerobically at 37 °C for 24 h. Where LAB-specific breakpoints were not available, Enterococcus spp.
breakpoints were used as recommended for safety assessment of food-associated LAB [24]. Control
strains included E. coli ATCC 25922, S. aureus ATCC 29219, and P. aeruginosa ATCC 27837.
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2.4. Growth Kinetics Across pH Conditions

Growth kinetics were assessed using a Bioscreen C automated growth analysis system
(Labsystems, Helsinki, Finland) following Rodriguez et al. [25] and methods adapted to cheese
fermentation conditions.

Lysogeny Broth (LB, Merck, Austria) broth was adjusted to nine pH levels (2.5, 3.0, 3.5, 4.0, 4.5,
5.5, 6.5, 7.0, and 8.0) using HCl or NaOH. Cultures were standardized to 0.5 McFarland (~10¢
CFU/mL), inoculated into microplate wells (300 pL per well), and incubated at 30 °C for 72 h with
continuous shaking.

Optical density at 600 nm (ODgg) was recorded every 15 min. Growth curves were smoothed
using Locally Estimated Scatterplot Smoothing (LOESS), and curves were truncated at 3600 min to
remove late-stage artifacts. Differences in growth profiles were interpreted based on known
physiological characteristics of LAB, yeasts, and staphylococci under acidic and near-neutral
conditions.

3. Results

3.1. Antimicrobial Activity of Isolates

Antimicrobial screening revealed notable differences among the isolates tested. The majority of
LAB strains—including Lactococcus lactis, Lactiplantibacillus plantarum, Levilactobacillus brevis, and
Pediococcus acidilactici showed no detectable inhibition of S. aureus, Escherichia coli, or P. aeruginosa in
either agar well diffusion or disc-spot assays (Figure 1). These findings indicate an absence of secreted
antimicrobial metabolites capable of producing measurable zones of inhibition under the conditions
employed.

Figure 1. Antibacterial test of selected isolates: A Plate inoculated with S. aureus and spotted with Lactococcus
lactis, Lactiplantibacillus plantarum, and Yarrowia lipolytica. B: E. coli plate spotted with Lactococcus lactis,
Lactobacillus plantarum, and Pediococcus pentosaceous. C: P. aeruginosa plate spotted with Lactococcus lactis,
Lactiplantibacillus plantarum, and Pediococcus pentosaceus. No inhibition zones are visible on any of the plates.

In contrast, Pediococcus pentosaceus demonstrated clear inhibitory activity against S. aureus,
producing measurable zones of inhibition in both assay formats (Figure 2).
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Figure 2. Antibacterial test comparing both well diffusion and agar spotting methods.

This activity is consistent with the strain’s known ability to produce bacteriocin-like compounds.

No isolate exhibited inhibitory effects against Gram-negative pathogens (E. coli and P.
aeruginosa), which aligns with the intrinsic resistance conferred by the outer membrane barrier typical
of these organisms.

3.2. Antibiotic Susceptibility Profiles

Antibiotic susceptibility testing revealed substantial variability among isolates (Table 2),

Table 2. Resistance profile of the isolates determined by agar diffusion test according to EUCAST.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

AMC [oxum |cTx [caz [rox [tze [mem i [ |uvx [mxE [Ra |izp [ |TE [E |oM |aN [cc |va [sxT
Lactobacills plantarum* FE I I R T I I I (0 PXTES) [ I 1() (N N (U I N I ()
Lactococeus lactis™ FO I I N R R I I 0] PETS] I R 2107 A AR ST R R I b )
Levilactobacillus brevis* B o o > o - - - |19 ]220)] - - |29 - - - - - )
Pediococeus acidilactici* - - - - - - - - |om)|omr | - - || - s s . . - | om)
Pediococcus pentosaceus* - - - - -] - o s - - s -] - - - - - |om
Staphylococcus equorum Sl - - - e - - | - | 2a0 |12r) | 2601) | 319) [ 21(5) | 21(R) | 3065) [ 26(R) | 19(R)[ - |20(R)|20(5) | O(R)
Corynebacterium variabile - - - - - - - - - - |2R)[31©9)f25(8) - [299)] - o - |24(8)| 225)
Acinobacter baumanii B N O] ESO1 £ B B N B E2IE] Y O B £ )
Kiebsiella pnewmonae 24(s) | 24(s) | 30(5) | 26(5) | 24(5) | 21(5) | 28(5) | 30(S) [29(5) | - [2a9)| - | - | - | - | - |2®)|we)| - | - |24

Where no specific breakpoint was available for the respective antibiotic, the breakpoint for Enterococcus spp. was

applied.* Designation: S = susceptible, I = intermediate, R = resistant (inhibition zone diameter in parentheses).

3.2.1. Pediococcus Species

Pediococcus acidilactici exhibited multidrug resistance, including resistance to [-lactams,
Macrolides, Fluoroquinolones, Tetracycline. Pediococcus pentosaceus displayed moderate resistance,
with susceptibility to rifampin and linezolid but reduced susceptibility or resistance to erythromycin
and tetracycline.

3.2.2. Lactobacillales

LAB isolates in general were susceptible to Rifampin, Linezolid and Moxifloxacin. The resistance
to erythromycin and tetracycline was frequently observed across multiple LAB strains.

© 2025 by the author(s). Distributed under a Creative Comm CC BY license.



https://doi.org/10.20944/preprints202512.1194.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2025 d0i:10.20944/preprints202512.1194.v1

6 of 12

3.2.3. Contaminant Staphylococci and Gram-Negative Bacteria

S. aureus showed expected sensitivity patterns based on EUCAST quality-control ranges.
Acinetobacter baumannii contaminants exhibited high-level resistance to aminoglycosides, including
amikacin— consistent with global AMR trends. These findings highlight the importance of screening
artisanal cheese microbiota for transferable resistance traits to ensure safe starter culture selection.

3.3. Growth Kinetics Across pH Conditions

Growth behavior across nine pH levels (2.5-8.0) varied markedly among isolates (Figures 3a and
3b). LOESS-smoothed ODgg curves (truncated at 3600 min) illustrate clear physiological distinctions
between LAB, yeasts, and staphylococci.
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L. brevis

—— pH25
—— PH3.5
—— pH4S

1.0 pH 5.0
—— pHS.S
—— pH6.5
L— pH70

o8 pH 7.5
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Figure 3. a. LOESS-smoothed ODgy growth curves of Lactiplantibacillus plantarum, Levilactobacillus brevis,
Lactococcus lactis, and Pediococcus acidilactici across pH 2.5-8.0 using Bioscreen C. Curves were truncated at 3600
minutes. b. LOESS-smoothed ODgg growth curves of Pediococcus pentosaceus, Yarrowia lipolytica, Staphylococcus

equorum, and S. aureus across pH 2.5-8.0 using Bioscreen C. Curves were truncated at 3600 minutes.

3.3.1. Growth of Lactic Acid Bacteria

LAB exhibited strong acid tolerance with optimal growth at pH 4.5-5.5 for Lactiplantibacillus
plantarum, Lactococcus lactis, Pediococcus acidilactici. The moderate growth persisted at pH 3.5,
although with prolonged lag phases. Pediococcus pentosaceus showed the highest acid tolerance,
maintaining growth even at pH 3.0. These results align with the ecological role of LAB during early
cheese fermentation when pH is low. Levilactobacillus brevis displayed markedly reduced acid
tolerance when exposed to pH 2.5. Growth curves revealed an extended lag phase exceeding 48

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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hours, during which no appreciable increase in optical density was observed. Only minimal growth
was detected thereafter, and in several replicates the strain failed to reach exponential growth within
the incubation period. these findings confirm that L. brevis is poorly adapted to survive or proliferate
at pH 2.5, exhibiting phenotypic profiles characteristic of acid-sensitive heterofermentative LAB.

3.3.2. Growth of Yeasts and Staphylococci

Yarrowia lipolytica and Staphylococcal species showed markedly different profiles. Near-neutral
pH (6.5-7.5) supported optimal growth however growth below pH 4.5 was minimal or undetectable.
S. equorum and S. aureus showed rapid proliferation at pH 7 but were strongly inhibited at lower pH.
This pattern supports the known ecological succession in cheese: LAB dominate early (low pH), while
yeasts and staphylococci proliferate during later ripening as surface pH increases.

3.3.3. Overall Physiological Trends

The data demonstrated a clear ecological separation among the microbial groups:
Lactic acid bacteria (LAB) exhibited acidophilic behavior, consistent with their dominance during the
early stages of fermentation when pH values are low.
Yeasts and Staphylococcus spp. showed neutrophilic preferences, aligning with their roles as late-
ripening, surface-colonizing microbes that thrive as the cheese environment becomes less acidic.
Together, these patterns confirm pH as a primary driver of microbial niche differentiation in
traditional Ugandan cheeses.

4. Discussion

4.1. Antimicrobial Activity of LAB and Yeasts

Most LAB isolates exhibited no measurable inhibition against S. aureus, Escherichia coli, or P.
aeruginosa. This outcome is consistent with reports showing that antimicrobial activity in LAB is
highly strain-specific and influenced by environmental conditions, nutrient availability, and
physiological state [3,11]. LAB often rely on organic acid production and competitive exclusion rather
than strong bacteriocin-mediated inhibition, which may explain the absence of clear zones in both
agar well diffusion and disc-spot assays.

By contrast, Pediococcus pentosaceus displayed distinct inhibition of S. aureus, suggesting the
production of bacteriocin-like inhibitory substances, a known characteristic of several Pediococcus
strains [12,26]. Because Gram-negative bacteria possess an outer membrane barrier that limits
diffusion of many antimicrobial compounds, the lack of inhibition against E. coli and P. aeruginosa is
expected and consistent with observations across multiple LAB species [27].

The overall pattern suggests that the LAB and yeast isolates evaluated in this study may rely
primarily on acidification, ecological competition, and biofilm-associated mechanisms, rather than
broad-spectrum antimicrobial metabolite production, to influence microbial dynamics in cheese
environments [28].

4.2. Antibiotic Resistance and Safety Implications for Starter Culture Use

Antibiotic susceptibility testing revealed diverse resistance phenotypes among isolates. The
multidrug resistance profile observed in Pediococcus acidilactici is noteworthy. While Pediococcus
species are generally considered non-pathogenic and rarely cause infections, the presence of acquired
antibiotic resistance genes raises concern. Such genes, if transferrable, could potentially be spread to
other microorganisms in the human gastrointestinal tract, even though the species itself is not
typically infectious. This is particularly relevant for food-associated lactic acid bacteria used in starter
cultures, which ideally should not carry transferable resistance determinants. [9,24].

Resistance to macrolides and tetracycline was frequent among LAB isolates, consistent with
global trends in dairy-associated LAB [8,10]. Fluoroquinolone resistance observed in some strains

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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may be associated with efflux pump activity or chromosomal mutations, mechanisms widely
reported in Gram-positive bacteria [29-31].

Opportunistic contaminants such as Acinetobacter baumannii, a well-known hospital-associated
pathogen already recognized as a major concern in antimicrobial resistance, displayed resistance to
aminoglycosides, including amikacin, patterns that mirror global AMR surveillance data for this
species [32,33]. These findings underscore the importance of hygiene control in artisanal cheese
production, where environmental and equipment-associated contaminants may persist [34,35].

International regulatory bodies such as EFSA and the FDA emphasize that starter cultures must
be free of mobile genetic elements associated with antimicrobial resistance [17]. Therefore, strains
exhibiting concerning resistance profiles especially Pediococcus acidilactici require genomic screening
to determine the presence or absence of plasmid-borne resistance determinants before consideration
for commercial application.

4.3. Physiological Interpretation of pH-Dependent Growth Kinetics

Growth kinetics revealed clear physiological differences among isolates, reflecting their
ecological roles in cheese fermentation and ripening. LAB such as L. lactis, Lpb. plantarum, and Lb.
brevis thrived under moderately acidic conditions (pH 4.5-5.5), consistent with their dominance
during early cheese fermentation when lactose metabolism drives pH reduction. Acid tolerance in
LAB is associated with mechanisms such as ATPase-mediated proton extrusion, cell membrane
adaptations, and cytoplasmic pH homeostasis [36,37].

Pediococcus pentosaceus demonstrated exceptional acid tolerance, growing at pH levels as low as
3.0. This resilience aligns with previous findings describing robust acid-stress response systems in
Pediococcus spp., including cell-wall reinforcement and protective solute transport systems [38].

In contrast, Yarrowia lipolytica, Staphylococcus equorum, and S. aureus exhibited poor growth
below pH 4.5 but proliferated rapidly under near-neutral conditions (pH 6.5-7.5). These patterns
match their known ecological roles as late-ripening surface-associated microbiota, which colonize
cheese rinds after LAB-driven acidification subsides and surface pH increases due to yeast-driven
deacidification [39-41].

This sequential occupation of acidic versus neutral microenvironments underscores pH as a key
selective force structuring microbial succession and niche specialization during cheese ripening. Such
findings are consistent with classical cheese ecology and reinforce the importance of acid dynamics
in shaping microbial community composition in artisanal Ugandan cheese varieties.

4.4. Technological and Application Implications

The ability of LAB isolates to grow under acidic conditions suggests suitability for early
fermentation steps, particularly for cheeses produced under artisanal conditions with limited pH
control. Lpb. plantarum and L. lactis demonstrated desirable growth robustness, supporting their
potential as starter or adjunct culture candidates, pending safety evaluation.

Pediococcus pentosaceus, with its selective antimicrobial activity, may represent a promising
bioprotective culture for inhibiting Gram-positive spoilage organisms—although further
characterization of its antimicrobial compounds is warranted.

However, the detection of multidrug-resistant LAB emphasizes the need for rigorous safety
screening. Any strain intended for starter culture development must undergo whole-genome
sequencing, assessment for mobile resistance genes, evaluation for virulence factors, verification of
metabolic suitability (e.g., gas production, proteolytic activity).

4.5. Relevance to Ugandan Cheese Production Systems

Ugandan cheeses are produced under conditions characterized by raw milk use; limited
temperature control; absence of standardized cultures; manual handling and artisanal practices.
These factors contribute to high microbial diversity, which can be advantageous for sensory

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1194.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2025 d0i:10.20944/preprints202512.1194.v1

10 of 12

complexity but also increases risks related to spoilage and antimicrobial resistance (AMR)
dissemination. The present study provides foundational insights into the microbial ecology of
Ugandan cheeses, identifying strains with technological value while highlighting safety concerns that
must be addressed through genomic and functional characterization.

5. Conclusions

This study provides a detailed characterization of lactic acid bacteria and yeasts isolated from
Ugandan ripened cheeses, revealing substantial microbial diversity with functional traits that
influence their technological suitability. Microbial interactions appear driven primarily by
acidification and competitive dynamics rather than strong bacteriocin activity. Antibiotic resistance
patterns varied considerably, with some strains —such as Pediococcus acidilactici—showing multidrug
resistance, underscoring the need for strict safety assessments, including genomic screening for
mobile resistance genes. The detection of contaminants like Acinetobacter baumannii further highlights
the importance of improved hygiene in artisanal production settings. Growth kinetics across nine pH
conditions demonstrated clear ecological separation, with LAB thriving under acidic conditions
typical of early fermentation, while Yarrowia lipolytica and staphylococci favored near-neutral pH
associated with later ripening stages. Collectively, these findings identify promising LAB candidates,
particularly Lactiplantibacillus plantarum, Lactococcus lactis, and Pediococcus pentosaceus, for future
starter or adjunct culture development, while emphasizing the need to exclude antibiotic-resistant
strains. Continued research through whole-genome sequencing, bacteriocin analysis, and controlled
fermentation trials will be essential to validate the safety and technological performance of these
candidate cultures.
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