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Lactic acid bacteria and yeasts play essential roles in cheese fermentation, contributing to flavor 

development, microbial safety, and overall product quality. Beyond their technological functions, 

these microorganisms have attracted interest as natural biopreservation agents due to their ability to 

produce organic acids, bacteriocins, and antifungal metabolites. Since strains present in cheese may 

also be consumed directly, their antimicrobial properties, antibiotic resistance profiles, and growth 

behavior are important indicators of both technological potential and safety. This study investigated 

the antimicrobial activity, antibiotic susceptibility, and growth kinetics of lactic acid bacteria and 

yeast isolated from selected ripened Ugandan cheese varieties. Isolates were recovered using 

selective media and identified through morphological, biochemical, and molecular methods. 

Antimicrobial activity against selected foodborne pathogens was assessed using agar well diffusion, 

antibiotic susceptibility was evaluated using standard disc diffusion methods, and growth kinetics 

were determined in appropriate culture media. The results showed that Ugandan cheeses contain 

diverse microbial communities with isolates exhibiting varying levels of inhibitory activity against 

pathogenic bacteria. Some isolates demonstrated resistance to specific antibiotics, highlighting the 

need for continued safety assessment. Growth kinetic analyses showed that several isolates were 

well adapted to dairy environments, displaying characteristic acidification and growth profiles 

consistent with potential starter or adjunct culture applications. Overall, the findings demonstrate 

that ripened Ugandan cheeses harbor microbial strains with promising technological and 

antimicrobial traits suitable for use in artisanal or industrial cheese production. Further genomic 

characterization and safety evaluation are recommended to confirm their suitability for commercial 

application. 
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Introduction 

Traditional Ugandan cheeses are produced under 

artisanal conditions, often without controlled starter 

cultures, yielding highly diverse microbial ecosystems 

(Ruvalcaba-Gómez et al., 2020). There is an increasing 

presence of international cheese varieties like Cheddar, 

Jack, Parmesan, and Gouda produced by local dairies in 

Uganda, which rely on both indigenous and environmental 

microflora for their unique development (Muhame et al., 

2024).  LAB play central roles in fermentation by 

producing lactic acid and antimicrobial metabolites, 

contributing to both safety and sensory quality (Nebbia et 

al., 2020; Shivsharan & Bhitre, 2013). Yeasts such as 

Yarrowia lipolytica and Debaryomyces hansenii also 

contribute to enzymatic proteolysis, lipolysis, and aroma 

formation (Zheng et al., 2020; De Filippis et al., 2016; 

Hatoum et al., 2012). 

Global antimicrobial resistance concerns necessitate 

screening food-associated LAB for transferable antibiotic 

resistance genes (Salam et al., 2023). LAB may harbor 

acquired resistance within informal dairy production 

systems, posing risks of horizontal gene transfer (Floris et 

al., 2025; Kamarinou et al., 2022). Furthermore, 
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characterizing the growth kinetics of these isolates under 

diverse pH and environmental conditions is essential for 

determining their technological suitability as starter or 

adjunct cultures (Oštarić et al., 2022; Psomas et al., 2023). 

Specific kinetic parameters, such as the maximum specific 

growth rate and lag phase duration, are critical for 

optimizing the production of consistent and safe products 

(Laslo et al., 2025; Śliżewska & Chlebicz-Wójcik, 2020). 

This study aimed to characterize LAB and yeast 

isolates obtained from Ugandan produced Cheddar, Jack, 

Parmesan, and Gouda cheeses regarding their 

antimicrobial activity, antibiotic resistance patterns, and 

growth dynamics to support informed microbial selection 

for the development of standardized and safe artisanal 

cheese production in the region. 

 

Materials and Methods 

 

Selection of Isolates 

The primary lactic acid bacteria (LAB) isolates 

(Pediococcus pentosaceus, Pediococcus acidilactici, 

Lactococcus lactis, Lactiplantibacillus plantarum, 

Levilactobacillus brevis) and the yeast Yarrowia lipolytica 

were isolated from a local cheese processing plant in 

southwestern Uganda. The ripened cheese varieties 

included in this study were Gouda, Monterey Jack, 

Cheddar, and Parmesan. These cheeses represent 

commonly produced semi-hard and hard cheese types 

within the facility and were selected to capture microbial 

diversity associated with different ripening conditions 

(Muhame et al., 2024). These isolates were previously 

identified using matrix-assisted laser desorption/ionization 

time-of-flight mass spectrometry (MALDI-TOF MS), 

following the protocol described by Abarquero et al. 

(2023). In addition, Staphylococcus equorum, a rind-

associated bacterium isolated from the same cheese 

samples, was included due to its recognized technological 

role in the microbial ecology of surface-ripened cheeses 

and its contribution to flavor development during cheese 

maturation (Kastman et al., 2016). Additionally, 

Corynebacterium variabile, Acinetobacter baumannii and 

Klebsiella pneumoniae were recovered from the same 

cheese samples and included in antibiotic susceptibility 

testing to assess potential safety risks associated with the 

cheese production Environment as Acinetobacter 

baumannii and Klebsiella pneumoniae are opportunistic 

pathogens 

 

Antimicrobial Activity Assays 

Antimicrobial activity was tested using agar well diffusion 

following Gao et al. (2022) and Musiy et al. (2020). LAB were 

grown in MRS broth (48 h; 37°C), centrifuged, and cell-free 

supernatants were loaded into wells on Mueller–Hinton agar 

inoculated with S. aureus ATCC 25923, E. coli ATCC 25922, 

and P. aeruginosa ATCC 27853. Plates were incubated at 

37°C for 24 h. To confirm results, isolates were additionally 

spotted onto sterile filter discs on pre-inoculated plates (Chen 

et al., 2022). 

 

Antibiotic Susceptibility Testing 

Antibiotic susceptibility was assessed by disc diffusion 

method (Bauer et al., 1966) with inhibition zones 

interpreted according to EUCAST guidelines. Commercial 

antibiotic discs were used (Table 1), and inhibition zones 

interpreted following EUCAST clinical breakpoints. 

Enterococcus spp. breakpoints were applied where LAB-

specific breakpoints were unavailable, as recommended for 

food isolates (Morandi et al., 2015). E. coli ATCC 25922, 

S. aureus ATCC 29219 and P. aeruginosa ATCC 27837 

were used as controls. 

 

Growth Kinetics Assessment 

Growth kinetics were assessed using the Bioscreen C 

system following methods adapted from Rodríguez et al. 

(2009). MRS broth was adjusted to pH 2.5–8.0 and 

inoculated with standardized 0.5 McFarland suspensions 

(~10⁶ CFU/mL). Plates were incubated aerobically at 30°C 

for 72 hours with 15-minute optical density measurements. 

 

Table 1. Antibiotic Discs Used in Susceptibility Testing 

No Antibiotic Name A 
Concentration 

(µg) 

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 CIP 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 

A: Abbreviation 

 

Results and Discussion 

 

Antimicrobial Activity 

The antimicrobial activity of the LAB isolates against 

selected foodborne pathogens was generally limited under 

the conditions tested. Most isolates did not produce 

detectable inhibition zones against Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa, 

suggesting that the production of antimicrobial metabolites 

among LAB is highly strain-dependent (Figure 1). Lactic 

acid bacteria are known to inhibit pathogens through the 

production of organic acids, hydrogen peroxide, and 

bacteriocins; however, not all strains produce these 

compounds in detectable amounts under standard assay 

conditions (Yi et al., 2025). In the present study, only 

Pediococcus pentosaceus demonstrated clear inhibition 

against S. aureus (Figure 2), which may be attributed to the 

production of pediocins, a group of bacteriocins commonly 

produced by Pediococcus species with activity mainly 

against Gram-positive bacteria (Diniz-Silva et al., 2019; 

Giaouris, 2020; de Nadra et al., 1998). 
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Figure 1. Antibacterial test of selected isolates 

A Plate inoculated with S. aureus and spotted with Lactococcus lactis, 
Pediococcus pentosaceus, and Yarrowia lipolytica. B:  E. coli plate 

spotted with Lactococcus lactis, Lactiplantibacillus 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. 
 

  
Figure 2. Antibacterial test comparing both well diffusion 

and agar spotting methods 

The absence of inhibition against the Gram-negative 

pathogens E. coli and P. aeruginosa is consistent with 

previous reports indicating that Gram-negative bacteria are 

generally resistant to many LAB bacteriocins due to the 

presence of an outer membrane that restricts the 

penetration of antimicrobial peptides (Darbandi et al., 

2022). Additionally, the lack of observable inhibition 

zones in most isolates may also reflect limitations of the 

agar diffusion assay, as some antimicrobial compounds 

produced by LAB diffuse poorly in agar or may be 

produced only at specific growth stages. 

Overall, these findings indicate that antimicrobial 

activity among cheese-derived LAB is strain-specific and 

that only selected isolates, such as P. pentosaceus, may 

possess potential for bioprotective applications in food 

systems.  

 

Antibiotic Susceptibility 

Antibiotic susceptibility testing revealed substantial 

variation among isolates (Table 2). Pediococcus 

acidilactici displayed resistance to the fluoroquinolones 

ciprofloxacin and levofloxacin, as well as to vancomycin. 

Pathogenic contaminants such as Acinetobacter baumannii 

displayed resistance to aminoglycosides (e.g., amikacin). 

LAB isolates were generally susceptible to rifampin, 

linezolid, and moxifloxacin, whereas tetracycline and 

erythromycin resistance was frequently observed. 

Multidrug resistance observed in Pediococcus acidilactici 

raises safety concerns regarding its use as a starter culture, 

as food-associated lactic acid bacteria (LAB) should not 

harbor transferable antibiotic resistance genes (Valdiviezo-

Marcelo et al., 2023). Resistance to fluoroquinolones in 

LAB and other isolates may be associated with the activity 

of multidrug efflux pumps, which have been widely 

reported as mechanisms contributing to antimicrobial 

resistance in bacteria (Anes et al., 2015; Tenover, 2001). 

The resistance of Acinetobacter baumannii to amikacin 

observed in this study is consistent with global surveillance 

reports indicating the increasing prevalence of multidrug-

resistant strains of this opportunistic pathogen (Cho et al., 

2018; Luísa et al., 2014). These findings highlight the 

importance of maintaining strict hygienic practices during 

artisanal cheese production to minimize contamination 

with potentially pathogenic or antibiotic-resistant 

microorganisms (Shrivastava et al., 2018; Medina et al., 

2020). Furthermore, the presence of mobile antibiotic 

resistance genes is of particular concern because such 

genes can be transferred among microorganisms within the 

gastrointestinal microbiota (Langdon et al., 2021; Yang et 

al., 2023). Consequently, regulatory authorities such as the 

European Food Safety Authority and the U.S. Food and 

Drug Administration discourage the use of antibiotic-

resistant microorganisms in food production systems 

(Abarquero et al., 2023). 

In the context of Ugandan ripened cheeses, these 

findings emphasize the importance of screening potential 

starter or adjunct cultures for antibiotic susceptibility and 

safety traits before their application in cheese production, 

in order to ensure both product safety and compliance with 

international food safety guidelines. 
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Growth Kinetics Across pH Conditions 

Automated growth monitoring using Bioscreen C 

generated mean OD curves for LAB, yeasts and 

Staphylococci across nine pH levels (2.5–8.0). Mean 

growth curves (Figure 3a and 3b) were truncated at 3600 

min to avoid late-stage photometric artifacts. In figure 3a, 

Mean OD₆₀₀ curves of Lactiplantibacillus plantarum, 

Levilactobacillus brevis, Lactococcus lactis, and 

Pediococcus acidilactici grown across nine pH conditions 

(2.5–8.0). Curves represent LOESS-smoothed Bioscreen C 

measurements truncated at 3600 minutes.  

 

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

Bacterial strains 
Antibiotics 

AMC CXM CTX CAZ FOX TZP MEM IMI CIP LVX 

Lactobacillus plantarum* - - - - - - - - 0 (R) 24 (S) 

Lactococcus lactis* - - - - - - - - 15 (S) 23 (S) 

Levilactobacillus brevis* - - - - - - - - 19 (S) 22 (S) 

Pediococcus acidilactici* - - - - - - - - 0 (R) 0 (R) 

Pediococcus pentosaceus* - - - - - - - - 0 (R) 30 (S) 

Staphylococcus equorum* - - - - 25 (S) - - - 24 (I) 12 (R) 

Corynebacterium variabile - - - - - - - - - - 

Acinetobacter baumannii - - - - - - - 33(S) 25(I) 28(S) 

Klebsiella pneumoniae 24(S) 24(S) 30(S) 26(S) 24(S) 21(S) 28(S) 30(S) 29(S) - 

Bacterial strains 
Antibiotics 

MXF RA LZD FA TE E GM AN CC VA SXT 

Lactobacillus plantarum* - - 22 (S) - - - - - - 0 (R) - 

Lactococcus lactis* - - 22 (S) - - - - - - 18 (S) - 

Levilactobacillus brevis* - - 21 (S) - - - - - - 0 (R) - 

Pediococcus acidilactici* - - 21 (S) - - - - - - 0 (R) - 

Pediococcus pentosaceus* - - 28 (S) - - - - - - 0 (R) - 

Staphylococcus equorum* 26 (I) 31 (S) 21 (S) 21(R) 30(S) 16(R) 19(R) - 20(R) 20(S) 0(R) 

Corynebacterium variabile 22(R) 31(S) 25(S) - 29(S) - - - - 24(S) 22(S) 

Acinetobacter baumannii - - - - - - 22(S) 0(R) - - 25(S) 

Klebsiella pneumoniae 24(S) - - - - - 22(S) 19(S) - - 24(S) 

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). 

 

 

  

Figure 3a. LOESS-smoothed OD₆₀₀ growth curves of 

Lactiplantibacillus plantarum, Levilactobacillus brevis, 

Lactococcus lactis, and Pediococcus acidilactici across pH 

2.5–8.0 using Bioscreen C. 

Figure 3b. LOESS-smoothed OD₆₀₀ growth curves of 

Pediococcus pentosaceus, Yarrowia lipolytica, 

Staphylococcus equorum, and Staphylococcus aureus 

across pH 2.5–8.0 using Bioscreen C. Curves were 

truncated at 3600 minutes. 
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Acid-tolerant LAB exhibited optimal growth at 

moderately acidic pH (4.5–5.5). In figure 3b, Mean OD₆₀₀ 

curves of Pediococcus pentosaceus, Yarrowia lipolytica, 

Staphylococcus equorum, and Staphylococcus aureus 

across nine pH levels (2.5–8.0). Yeast and Staphylococci 

grew best under near-neutral conditions (pH 6.5–7.5), 

contrasting with the acid-tolerant LAB shown in Figure 3a. 

Growth responses were species-dependent and pH-

dependent whereby Lactococcus lactis and Lpb. plantarum 

showed strong growth at pH 4.5 and moderate growth at 

pH 3.5. Lb. brevis grew optimally at pH 4.5 but exhibited 

longer lag phases at pH 3.5. Pediococcus spp. grew well at 

pH 4.5 and moderately at pH 3.5, with P. pentosaceus 

showing the highest acid tolerance. Yarrowia lipolytica 

displayed negligible growth below pH 4.5 and grew 

optimally at pH 7. Staphylococcus aureus and S. equorum 

showed minimal growth at pH <4.5 but grew rapidly at pH 

7. These trends illustrate clear separation between acid-

tolerant LAB and neutral-pH-preferring yeasts and 

Staphylococci. 

Growth profiles reflected species-specific adaptation to 

environmental pH. LAB such as L. lactis and Lpb. plantarum 

exhibited optimal growth at pH 4.5, consistent with their well-

documented acid tolerance mediated by ATPase-driven proton 

extrusion and cytoplasmic pH homeostasis (Axelsson, 2019; 

Bernal et al., 2017). P. pentosaceus showed exceptional acid 

tolerance, supported by literature describing cell-wall stress 

proteins and protective solute systems in Pediococcus spp. (Liu 

et al., 2014). The poor growth of Y. lipolytica at low pH and its 

strong performance at neutral pH align with its ecological role 

in cheese ripening, where yeasts elevate surface pH and 

contribute to proteolysis and lipolysis (Mathe & Nicaud, 2018). 

Similarly, the Staphylococci behaved as neutral-pH specialists, 

consistent with known inhibition of staphylococcal respiratory 

metabolism at low pH (Becker et al., 2014). 

The overall pattern reflects classical cheese 

microbiome succession: LAB dominate early, when pH is 

low, while yeasts and Staphylococci proliferate later as 

surface pH rises (Wolfe et al., 2014). These findings 

highlight pH as a major driver of microbial niche 

differentiation in Ugandan ripened cheeses. 

 

Conclusion 

 

This study demonstrates that microbial isolates from 

Ugandan ripened cheeses exhibit diverse antimicrobial, 

antibiotic resistance, and pH-dependent growth 

characteristics. Pediococcus pentosaceus was the only 

LAB strain showing antimicrobial activity, while most 

isolates lacked inhibition, particularly against Gram-

negative bacteria. Antibiotic susceptibility testing revealed 

multidrug resistance in P. acidilactici and some 

contaminant organisms, underscoring the need for careful 

safety evaluation when selecting starter candidates for 

artisanal cheese production. 

Growth kinetics showed clear ecological differentiation. 

Acid-tolerant LAB such as L. lactis, Lpb. plantarum, and Lb. 

brevis grew optimally at moderately acidic pH, supporting 

their role in early fermentation, whereas Y. lipolytica and 

staphylococci preferred near-neutral pH consistent with late-

ripening surface microbiota. These observations highlight pH 

as a key determinant of microbial succession in traditional 

Ugandan cheeses. 

Overall, the findings identify promising LAB 

candidates for potential starter culture development while 

emphasizing the importance of monitoring antibiotic 

resistance and microbial dynamics in artisanal dairy 

systems. This study identified microbial strains with 

promising technological functions in Ugandan cheeses. P. 

pentosaceus showed selective antimicrobial activity, while 

Lpb. plantarum exhibited desirable growth robustness. 

However, multidrug-resistant LAB strains require genomic 

evaluation before consideration for industrial starter 

culture applications. Future studies should investigate 

bacteriocin production, genomic safety markers, and 

performance in cheese fermentation trials. 
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