SURVIVAL OF CHALLENGING FOOD˗BORNE PATHOGENS OF DAIRY ORIGIN IN MILK INOCULATED WITH LACTIC ACID BACTERIA AS CO-CULTURE: IMPLICATION FOR FOOD SAFETY
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Introduction
Milk serves as a staple food consumed globally, valued for its high nutritional content and versatility in diets. Mammalian milk are consumed throughout the lifespan and in all part of the world with global production for human consumption in excess of 800 million tons per year and growing (FAO, 2020). However, its susceptibility to microbial contaminant poses significant health risk, as it is common carrier of foodborne pathogens that can result to foodborne diseases. Foodborne disease outbreaks have resulted in a high rate of mortality, along with the high financial burden stemming from healthcare costs. Moreover, the soaring numbers of confirmed cases of foodborne illnesses are very alarming, despite the availability of the hazard analysis and critical control point (HACCP) system. The Council for Agricultural Science and Technology reported that 6.5–33 million cases of human ailments were associated with food, with a reported fatality rate of 9000 cases. Annually in the U.S. (Food and Agriculture Organization) (Wiernasz, et al., 2017). Dairy products have accounted for 20 disability-adjusted life years per 100,000 individuals and contributed approximately 4% of the global foodborne disease burden, while animal sources accounted for 12% of the burden in 2010 (Grace et al., 2020). Statistic from the European Food Safety Authority (EFSA) reported that the common foodborne pathogens in dairy products are Campylobacter spp., Salmonella spp., Shiga-producing Escherichia coli (STEC), Bacillus cereus, Brucella abortus, Brucella melitensis, Listeria monocytogenes, Mycobacterium bovis, Staphylococcus aureus, Yersinia enterocolitica, Yersinia pseudotuberculosis, Corynebacterium spp., and Streptococcus suis subsp. zooepidemicus (Tauxe, 2002; Sugrue et al., 2018). According to the World Health Organization (WHO), if drastic measures are not taken by 2050, the global death rate from foodborne illnesses will increase to an estimated 10 million people annually. Such global, prevailing foodborne infection rates thus warrant a systematic approach for the elimination, prevention, and reduction in pathogenic bacteria in foods (Zimmerman et al., 2021). Conventional methods of microbial control such as chemical preservatives and heat treatment often compromise sensory qualities and face challenges like antimicrobial resistance. Consequently natural alternatives like the use of lactic acid bacteria has gain attention for their bio preservative properties (Ibrahim et al., 2021). Lactic acid bacteria including Lactiplantibacillus plantarum, Lactococcus lactis and Lactobacillus delbrueckii subsp. bulgaricus produce antimicrobial compounds such as bacterocins and organic acid that inhibit the growth of microorganisms (Adediran et al., 2021). However, the survival dynamics of food-borne pathogens in milk co-cultured with lactobacillus remain an area requiring further exploration. Therefore, this study explores the survival dynamics of foodborne pathogens in milk inoculated with lactobacillus spp. Over a 24 hours period as co-culture agents under controlled condition which aim to provide insights into the potential of lactobacillus to enhance milk safety.
Materials and methods
Collection of samples
Raw cow milk samples were collected from four different regions in Ibadan, Oyo state specifically Research and Dairy Farm at University of Ibadan (UI), Kara at Bodija market (BO), Akinyele market (AY) and Sabo cattle market (SB). These locations were chosen because of the presence of different indigenous cow species such as muturu and N’dama, which could greatly contribute to the diversity of LAB strains present in the milk samples. The samples were carefully collected into sterile bottles and immediately placed inside an air tight container containing ice packs and transported to the laboratory for analysis.
Culture Media
The culture media used include MRS agar for Lactic acid bacteria, nutrient agar for general bacterial growth, MacConkey agar for gram negative enterics e.g Enterobacter sp., Manitol salt agar for Staphylococcus aureus and Salmonella/ shigella agar for Salmonella typhimurium and Shigella dysentriae and Eosin Methylene Blue Agar for coliforms. The media were prepared according to the manufacture specification. These media were sterilized in an autoclave at 121˚C for 15minutes.
Total Microbial Counts
1ml of cow milk sample was dispensed in sterile test tubes containing 9ml sterile de-ionized water and serially diluted. For bacteria such as E.coli, Enterobacter sp, Serratia sp, Staphylococcus aureus, 1ml of appropriate dilutions was seeded on MacConkey, and Mannitol agar using pour plate method, and the medium was then incubated at 37°C for 24 h. For coliform counts, Eosin Methylene Blue agar was used and for Staph sp. counts, Mannitol salt agar was used. For Lactic acid bacteria, Mann Rogosa Sharpe agar was used and incubated anaerobically at 32ºC for 48hour with Gas Pak. Colonies are counted and record taken. 
Isolation and Identification of Pathogens
1ml of each milk sample was dispensed in sterile test tubes containing 9 ml sterile de-ionized water and serially diluted up till the 5th dilution. 1ml of the solution from the 5th dilution  was plated by pour plate method on Nutrient agar, mannitol salt, MaCconkey and Salmonella-shigella agar and incubated at 37ºC for 24hrs. After incubation, plates with 30-300 colonies were selected and counted using colony counter for accurate CFU/mL calculation. The colonies having different morphology, shape and size were sub cultures until pure culture were confirmed. All pure culture was maintained as stocks in nutrient broth at -4ºC, with 15% glycerol. Preliminary tests were carried out and identification was confirmed via morphological, biochemical tests and API 20E kits (Dykes et al., 1994)
Preparation of lactic acid bacteria Culture
Previously isolated and identified strains from past work of Adediran and Aforikiju (2020) were revived by inoculating into MRS broth and incubating at 37ºC for 24 hours using GasPak systems. Cultures were streaked on MRS agar to confirm purity and viability.
Preparation of inoculum
Pathogens cultures were grown in Nutrient Broth at 37 ̊C for 18 hours. Optical density (OD) was adjusted to 0.5 at 600 nm, corresponding to 108 CFU/mL.
LAB cultures were grown in MRS broth under anaerobic conditions. OD was adjusted to 0.5 at 600 nm (108 CFU/mL) and viable counts were confirmed via serial dilution and plating.
Survival of pathogens in milk inoculated with lactobacillus as co-culture.
Foodborne pathogen were evaluated for their survival in milk inoculated with LAB strains: Lactococcus lactis, Lacttiplantibacillus plantarum and Lactobacillus delbrueckii subsp. bulgaricus as co˗culture by the following process:
Milk pasteurization and inoculation
Milk samples were pasteurized at 85°C for 15-20 minutes to eliminate indigenous microorganisms and then cooled to 37°C before inoculation. Each pasteurized milk sample (100 mL) was inoculated with 1 ml of each LAB culture (108 CFU/mL) and 1mL each of pathogen culture (108 CFU/mL) which serves as co-culture. This results in a final concentration of 106 CFU/mL for each organism in the milk. Control samples were prepared with only the pathogens inoculated into the milk.
Incubation and Monitoring
Samples were incubated at37̊C for 24 hours and aliquot were taken at 0,4,8,12,16,20 and 24 hours of incubation. Serial dilution was prepared in sterile phosphate-buffered saline and aliquots were plated on appropriate media to quantify the populations of the pathogens over the period of 24 hours. LAB counts were monitored using MRS agar under anaerobic conditions. 
Statistical analysis
All the experiments were performed in duplicate. All data collected were subjected to one̶ way ANOVA and treatment means were separated and statically significance set up at ˂ 0.05.
Results and discussion
Table 1. Bacteria counts of raw cow milk (x106 CFU/mL)
	Samples
	Staph.aureus counts
	E.coli  counts
	Salmonella Typhimurium 
counts
	Shigella dysentriae 
counts
	Enterobacter 
cloacae
counts
	Serratia 
marcescens
counts

	UI
	1.70±0.1a
	0.50±0.2a
	0.35±0.1a
	0.70±0.0a
	0.65±0.2a
	0±0.2a

	BO
	2.25±0.1ab
	1.10±0.2a
	0.75±0.1ab
	1.35±0.0a
	1.05±0.2ab
	0.5±0.2ab

	AY
	2.90±0.1bc
	2.30±0.2b
	1.25±0.1bc
	1.35±0.0ab
	1.40±0.2ab
	0±0.2a

	SB
	3.10±0.1c
	2.85±0.2b
	1.55±0.1c
	1.70±0.0b
	1.60±0.2b
	1.25±0.2b



The above table displays the results as means ± standard deviation. The Duncan Multiple Range Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed dramatically from one another down the column at p<0.05







Key: UI= Univerisy of Ibadan Research Farm; BO= Bodija Cow settlement; AY= Akinyele
Cow settlement; SB= Sabo Cattle settlement
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Figure 1.  Survival of food-borne pathogens in milk inoculated with L. lactis as co-culture (CFU/mL) (106)
Table 2. Survival of food-borne pathogens in milk inoculated with Lactiplantibacillus plantarum as co-culture (x106 CFU/mL) 
	Time (hours)
	Staphylococcus
aureus
	Escherichia Coli
	Salmonella typhimurium
	 Shigella dysentriae        
	Enterobacter
  cloacae
	Serratia
marcescens
	

	0
	3.8±0.1a
	3.3±0.1a
	2.2±0.2c
	2.0±0.1a
	3.0±0.1a
	0.8±0.1b
	

	4
	3.8±0.1a
	3.2±0.1a
	2.0±0.2bc
	2.0±0.1a
	2.9±0.1a
	0.7±0.1ab

	8
	3.7±0.1a
	3.0±0.1ab
	1.9±0.2bc
	1.8±0.1a
	2.9±0.1a
	0.7±0.1ab

	12
	3.2±0.1ad
	2.8±0.1ab
	1.5±0.2abc
	1.6±0.1ad
	2.6±0.1ac
	0.6±0.1abc

	16
	2.6±0.1cd
	2.5±0.1bc
	1.2±0.2ab
	1.2±0.1cd
	2.2±0.1bc
	0.3±0.1abc

	20
	2.2±0.1bc
	2.0±0.1c
	0.9±0.2a
	0.9±0.1bc
	1.8±0.1b
	0.2±0.1ac

	24
	1.8±0.1b
	1.4±0.1
	0.7±0.2a
	0.5±0.1b
	0.5±0.1
	0.1±0.1c


The above table displays the results as means ± standard deviation. The Duncan Multiple Range Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed dramatically from one another down the column at p<0.05







Table 3 .Survival of food-borne pathogens in milk inoculated with Lactobacillus delbrueckii subsp.  bulgaricus as co-culture (x106 CFU/mL)
	Time
	Staphylococcus
aureus
	Escherichia
Coli
	Salmonella
typhimurium
	Shigella 
dysentriae
	Enterobacter 
cloacae
	Serratia
 marcescens

	0
	3.8±0.2a
	3.3±0.2b
	2.2±0.1a
	2.0±0.1a
	3.0±0.2a
	0.8±0.1a

	4
	3.6±0.2a
	3.1±0.2ab
	2.1±0.1a
	1.9±0.1a
	3.0±0.2a
	0.8±0.1a

	8
	3.2±0.2ac
	2.9±0.2ab
	2.1±0.1a
	1.9±0.1a
	2.8±0.2a
	0.8±0.1a

	12
	3.0±0.2abc
	2.6±0.2abc
	1.9±0.1a
	1.7±0.1ab
	2.6±0.2ab
	0.5±0.1ab

	16
	2.7±0.2bc
	2.4±0.2ac
	1.8±0.1a
	1.7±0.1ab
	2.3±0.2ab
	0.4±0.1ab

	20
	2.3±0.2bd
	1.9±0.2cd
	1.2±0.1b
	1.4±0.1bc
	1.9±0.2bc
	0.2±0.1b

	24
	1.6±0.2d
	1.4±0.2d
	0.8±0.1b
	1.0±0.1c
	1.4±0.2c
	0.1±0.1b


The above table displays the results as means ± standard deviation. The Duncan Multiple Range Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed dramatically from one another down the column at p<0.05












The microbiological quality of raw cow milk is a key indicator of both animal health and hygienic handling practices during and after milking. The results presented in Table 1 show significant variation in bacterial load across different sampling locations (UI, BO, AY, and SB), with the highest total bacterial counts consistently observed in samples from SB. Staphylococcus aureus was present in all samples, with mean counts ranging from 1.70 ± 0.1 (UI) to 3.10 ± 0.1 (106 CFU/mL) (SB). The elevated levels in SB are concerning, given that S. aureus is a major zoonotic pathogen and its presence in milk poses significant food safety risks, especially due to its ability to produce heat-stable enterotoxins (Necidova et al., 2016). The lower counts in UI suggest better hygienic practices or animal health in that region. Similarly, Escherichia coli, a key indicator of faecal contamination, showed a significant increase from UI (0.50 ± 0.2 x106 CFU/mL) to SB (2.85 ± 0.2 x106 CFU/mL). High levels of E. coli may reflect poor sanitary conditions during milking or post-harvest handling (Condoleo et al., 2022). These findings are critical, as certain strains of E. coli are pathogenic and may cause severe gastrointestinal illness in humans (Abunna et al., 2019). 
Counts of Salmonella typhimurium, Shigella dysenteriae, and Enterobacter sp. followed a similar trend, increasing across sampling locations, with SB again showing the highest contamination. These pathogens are known to cause serious foodborne diseases, and their detection in raw milk underlines a public health concern, especially in settings where milk is consumed without pasteurisation (Hassan et al., 2020; Sobeih et al., 2020 Byzova et al., 2024). Notably, Enterobacter sp levels exceeded 1.4 log₁₀ CFU/mL in AY and SB samples, consistent with findings that Enterobacter sp can survive and multiply at refrigeration temperatures, making it a stealth contaminant in milk (Al‐Holy et al., 2009). Interestingly, Serratia marcescens was undetectable in UI and AY but reached 1.25 ± 0.2 log₁₀ CFU/mL in SB. Though less frequently reported in dairy contamination, S. marcescens is an opportunistic pathogen, and its presence may suggest contamination from water sources or biofilm formation in milking equipment (Khayat et al., 2023). The observed inter-location differences may be attributed to variability in farm hygiene, animal health, storage conditions, and water quality used in cleaning. These findings reinforce the urgent need for improved hygienic practices, farmer education, and stringent regulatory monitoring to ensure milk safety, particularly in areas with high contamination.
The acidification of the milk environment by L. lactis lowers the pH, which can disrupt the cellular integrity of gram-negative pathogens such as Salmonella typhimurium, E. coli, and Shigella dysenteriae, as well as gram-positive bacteria like S. aureus (Papadimitriou et al., 2016).
Salmonella typhimurium and Serratia marcescens showed the most pronounced reductions, suggesting that these species are particularly susceptible to inhibitory metabolites or environmental changes induced by L. lactis. These findings align with prior reports that lactic acid bacteria can significantly reduce Salmonella populations in dairy matrices and fermented foods (Elayaraja et al., 2014; Ibrahim et al., 2021).
The decrease in E. coli and Enterobacter sp indicates moderate resistance, which could be related to their adaptive stress responses and ability to survive mildly acidic conditions. Nevertheless, the continued decline suggests that prolonged exposure to L. lactis co-culture eventually overcomes these defenses.
The significant reduction of S. aureus is particularly notable given its resilience in many food systems. L. lactis may inhibit S. aureus through competitive exclusion, nutrient depletion, or the action of nisin, a well-characterized bacteriocin with activity against gram-positive organisms (Chi and Holo, 2018).
The survival dynamics of six food-borne bacterial pathogens in milk co-cultured with Lactobacillus lactis were monitored over 24 hours (Figure 1). A general decline in viable cell counts (log₁₀ CFU/mL) was observed for all pathogens, with varying degrees of sensitivity to the antagonistic effects of L. lactis. Staphylococcus aureus showed a gradual reduction from 3.8 ± 0.1 at 0 hours to 1.7 ± 0.1 at 24 hours, with significant reductions beginning after 12 hours. Escherichia coli also declined steadily, from 3.3 ± 0.1 to 2.2 ± 0.1, showing slightly more resistance than S. aureus. Salmonella typhimurium exhibited marked susceptibility, with its population decreasing sharply from 2.2 ± 0.1 at baseline to 0.8 ± 0.1 by 24 hours. Shigella dysenteriae counts declined from 2.0 ± 0.1 to 1.0 ± 0.1, while Enterobacter sp. dropped from 3.0 ± 0.2 to 1.5 ± 0.2. Serratia marcescens showed the most rapid inhibition, decreasing from 0.8 ± 0.1 to 0.1 ± 0.1 by the end of the observation period. The results demonstrate the antagonistic potential of Lactobacillus lactis in reducing the viability of multiple foodborne pathogens in milk. The observed inhibition may be attributed to producing antimicrobial compounds such as lactic acid, hydrogen peroxide, and bacteriocins (Gänzle, 2015; Loforte et al., 2025). The findings underscore the potential application of Lactobacillus lactis as a natural biopreservative in milk and dairy products, particularly in settings where refrigeration or pasteurisation is not feasible. Its use could help improve microbial safety and extend shelf life without the need for synthetic additives. 
The inhibitory effect of L. plantarum on six common food-borne pathogens in milk was evaluated over a 24-hour co-culture period (Table 2). A time-dependent reduction in the viable counts of all pathogens was observed, with the magnitude of reduction varying across species. Staphylococcus aureus showed an initial stability in count between 0 and 4 hours (3.8 ± 0.1 x106 CFU/mL), followed by a gradual decline to 1.8 ± 0.1 by 24 hours. Escherichia coli counts decreased from 3.3 ± 0.1 to 1.4 ± 0.1 x106 CFU/mL over the same period. Salmonella typhimurium demonstrated notable susceptibility, with counts declining from 2.2 ± 0.2 to 0.7 ± 0.2 x106 CFU/mL. Shigella dysenteriae decreased from 2.0 ± 0.1 to 0.5 ± 0.1, and Enterobacter sp from 3.0 ± 0.1 to 0.5 ± 0.1. The most rapid and consistent decline was observed in Serratia marcescens, which reduced from 0.8 ± 0.1 to 0.1 ± 0.1 x106 CFU/mL by 24 hours. Statistical analysis using Duncan's multiple range test indicated significant differences (p < 0.05) between time points across most pathogens, highlighting the progressive inhibitory action of L. plantarum.  Compared to L. lactis, L. plantarum demonstrated a more pronounced and faster antimicrobial effect, particularly in its stronger inhibition of E. coli, S. typhimurium, and Enterobacter sp. This is in line with previous studies reporting that L. plantarum produces potent bacteriocins such as plantaricin, with broad-spectrum activity (Chang et al., 2016; Yilmaz et al., 2022). 
The sharp decline in S. marcescens, a gram-negative bacterium often resistant to acidic environments, suggests that additional stress factors such as reactive oxygen species and nutrient depletion may play a role in microbial suppression. Meanwhile, the gradual decline of S. aureus underscores the need for longer incubation to effectively inhibit more resilient gram-positive pathogens. These findings highlight L. plantarum as a promising natural bio-control agent in dairy systems. Its application in raw milk or fermented products could enhance food safety and shelf life, reducing reliance on synthetic preservatives.
The impact of Lactobacillus delbrueckii subsp. bulgaricus on the survival of six food-borne pathogens in milk was assessed over a 24-hour co-culture period (Table 3). A general decreasing trend in bacterial counts was observed across all pathogens, with statistically significant reductions (p < 0.05) in CFU/mL for each organism over time, as indicated by Duncan’s multiple range test. Staphylococcus aureus showed a reduction from 3.8 ± 0.2 to 1.6 ± 0.2 x106 CFU/mL, while Escherichia coli declined from 3.3 ± 0.2 to 1.4 ± 0.2. Salmonella Typhimurium counts dropped from 2.2 ± 0.1 to 0.8 ± 0.1, and Shigella dysenteriae from 2.0 ± 0.1 to 1.0 ± 0.1. Similarly, Enterobacter sp and Serratia marcescens declined to 1.4 ± 0.2 and 0.1 ± 0.1 x106 CFU/mL), respectively, by the 24th hour. Notably, the sharpest declines were observed after the 12-hour mark, especially for S. Typhimurium, E. coli, and S. marcescens . The co-culturing of Lactobacillus bulgaricus with pathogenic bacteria in milk demonstrates a pronounced antimicrobial effect, consistent with earlier reports on the bioprotective potential of lactic acid bacteria (LAB) in dairy systems (Shi and Maktabdar, 2022). The reduction in pathogen loads over 24 hours supports the role of L. bulgaricus in improving microbial safety in fermented milk products.
The mechanisms behind this inhibitory effect are likely multifactorial, including acidification through lactic acid production, competition for nutrients and adhesion sites, and the release of antimicrobial compounds such as bacteriocins. Although L. bulgaricus is traditionally valued for its acidification and texturizing roles in yoghurt production, its contribution to pathogen suppression adds value to its functional profile. Comparison between L. plantarum and L. bulgaricus showed slightly slower but steady antimicrobial activity. While both strains achieved notable reductions, L. plantarum was more aggressive, particularly against Enterobacter sp and E. coli. However, L. bulgaricus was comparably effective in suppressing Serratia marcescens, which declined to near-undetectable levels by the 24-hour mark in both treatments. These findings reinforce the probiotic potential of L. bulgaricus not only in fermented milk but also as a biopreservative in minimally processed dairy products. Its ability to inhibit pathogens such as S. aureus and S. typhimurium, which are commonly implicated in foodborne illness, holds implications for safer milk preservation, especially in settings with limited refrigeration.  


















Conclusion
The findings from this research highlighted a compelling evidence that co-culturing food- borne pathogens such as Staphylococcus aureus, Escherichia coli, Salmonella typhimurium, Enterobacter cloacae, Serratia marcescens and Shigella dysentriae with Lactic acid bacteria particularly Lactiplantibacillus plantarum, Lactococcus lactis and Lactobacillus delbrueckii subsp.  bulgaricus in milk can lead to a significant time-dependant reduction in pathogens viability and survival due to production of antimicrobial compounds such as bacterocins and other organic acids. Therefore, there is potential application of lactic acid bacteria as natural bio̶ preservative in dairy products, contributing to improved milk safety, especially in settings without reliable pasteurization or refrigeration. The study also highlights the variability in microbial contamination across different dairy farms, emphasizing the need for improved hygiene and monitoring practices.
 Recommendations
Lactic acid bacteria particularly Lactiplantibacillus plantarum, Lactococcus lactis and Lactobacillus delbrueckii subsp.  Bulgaricus should be integrated into dairy processing by incorporated them into raw milk and fermented dairy products to enhance microbial safety and extend shelf life as well as development of starter culture formulations specifically for local dairy systems.
There should also be education of dairy farmers and milk vendors through conduction of trainings on hygienic practices and awareness of zoonotic risk associated with pathogens like S.aureus and E.coli. Further studies are needed to focus on the mechanisms of inhibition and optimize application condition for commercial use in dairy industry.
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