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AbstractListeria species are among the most significant foodborne pathogens, with dairy products providing aconducive environment for their growth and the potential development of listeriosis. This study aimedto investigate the prevalence of Listeria contamination in various dairy products and its relationship withcoliform bacteria, as well as the association between Listeria contamination and microplastics in cheesepackaging.A total of 179 samples, including different types of cheese and butter, were analyzed using chromogenicculture media, PCR, and actA gene identification. The presence of coliform contamination in theseproducts was also examined. Additionally, 20 brands of cheese, resembling Italian cheese types, wereselected for analysis. Cotton swab sampling was performed to detect biofilms on the surfaces of cheesepackaging containing microplastics.PCR and dendrogram analysis revealed that Listeria monocytogenes was the most prevalent contaminantin cheese, with a strong association with the presence of the actA gene. Additionally, clustering anddendrogram analyses showed that Listeria innocua was the primary contaminant in butter samples.Microbial interaction network analysis and regression analysis further indicated a significant relationshipbetween Listeria contamination and the presence of coliform bacteria in dairy products. Furthermore, astrong relationship was observed between Listeria contamination in cheese and the presence ofmicroplastics in packaging.The actA gene plays a critical role in Listeria infections, particularly in relation to Listeriamonocytogenes. A significant relationship was observed between Listeria contamination and coliformpresence in dairy products, underscoring the need for rigorous monitoring to prevent foodborne illness.Future studies should further explore the interactions between microbial contaminants and microplastics.
IntroductionListeria monocytogenes (L. monocytogenes) is a foodborne pathogen that causes listeriosis, a group ofhuman illnesses that occur more frequently in countries with well-developed food supply systems(Grigore-Gurgu et al., 2024; Manyi-Loh and Lues, 2025). The burden of foodborne illness negativelyaffects public health as well as national economies (Carvalho et al., 2023). L. monocytogenes istransmitted to humans and animals through the consumption of contaminated foods, including meat andmeat products, fish, milk and dairy products, vegetables, and processed foods such as pizza (Adzitey andHuda, 2010; Ramaswamy et al., 2007). This pathogen can survive within production stages of semi-firmcheeses. Additionally, the production procedure of soft cheeses has a great potential in growing L.monocytogenes (Verraes et al., 2015).Listeriosis, a serious illness, is commonly caused by the consumption of foods contaminated with Listeriaspecies (Huang et al., 2015). High-risk groups include fetuses, newborns, pregnant women, the elderly,and immunocompromised individuals, accounting for approximately 30-40% of infections. Peoplereceiving organ transplants and undergoing treatment with immunosuppressive drugs are also susceptibleto listeriosis (McLauchlin and Rees, 2015; Szczawiński et al., 2017). L. monocytogenes is one of themost critical foodborne pathogens associated with ready-to-eat (RTE) foods, which represent a primaryvehicle for human listeriosis due to the absence of a final listericidal step and the microorganism’s abilityto survive and proliferate under adverse conditions (D’Ambrosio et al., 2026). RTE foods haveconsistently been implicated in outbreaks worldwide (Niu et al., 2024). For example, RTE meat was amajor source of listeriosis outbreaks in the United States between 1998 and 2008 (Cartwright et al.,2013). In July 2024, an outbreak linked to deli-sliced meat in the United States resulted in 61 confirmedcases, 60 hospitalizations, and 10 deaths across 19 states (Sharma et al., 2025). Additional outbreakshave been reported in Germany (2006-2008) (Winter et al., 2009), Switzerland (2013-2014) (Stephan et



al., 2015), the United States and Canada (2015-2016) (Self et al., 2019), South Africa (2017) (Thomaset al., 2020), Turkey (2022) (Şentürk et al., 2022), and China (2024), many of which were associatedwith RTE foods (Niu et al., 2024). Unpasteurized milk, soft cheeses, and semi-soft cheeses remain majorsources of Listeria contamination (Mirlohi et al., 2015).Recent taxonomic updates indicate that the genus Listeria comprises more than 20 recognized species;however, L. monocytogenes remains the primary pathogenic species associated with human listeriosisand foodborne outbreaks. In contrast, Listeria innocua is generally considered non-pathogenic, althoughit is frequently studied as an indicator organism due to its ecological similarity to L. monocytogenes andits common occurrence in food processing environments (Orsi Renato et al., 2023). It is a non-spore-forming, Gram-positive, rod-shaped bacterium that is widely distributed in the environment and readilyadapts to various conditions (Murray, 2005). Characteristics such as broad pH tolerance, persistence atlow temperatures, and resistance to high salinity make L. monocytogenes a particularly challengingpathogen in the food industry (Mahmoodi, 2010).Conventional culture techniques for identifying bacterial infections typically require prolongedincubation periods and may not provide timely results for effective clinical decision-making. In thiscontext, chromogenic agar (chromo agar) has emerged as a viable option. Chromo agar is a differentialmedium that enables the presumptive identification and confirmation of microorganisms through distinctcolor changes in the colonies. These color changes occur due to the interaction between specific enzymesproduced by target bacteria and the chromogenic substrates incorporated into the medium. Theadvantages of chromogenic agar extend beyond its rapid identification capability (Rizwana et al., 2025).However, the performance of culture-based methods is limited by factors such as media selection,competitive microbial growth, and subjective interpretation.In contrast, PCR offers a more inclusive and assumption-independent approach, enabling improveddetection of fastidious organisms and resolution of polymicrobial infections that conventional methodsmay overlook (Cummings et al., 2020). PCR not only confirms organisms identified by culture but canalso detect additional pathogens. In many cases, pathogens detected only by PCR—previouslyconsidered false positives—may actually represent clinically significant infections missed by culturemethods (Dehghani et al., 2026). Molecular methods such as PCR are therefore valuable for the accuratedetection of pathogenic microorganisms (Xu et al., 2025). Compared with conventional culturetechniques, PCR provides higher sensitivity and specificity by detecting bacterial DNA (Buchrieser etal., 2003; Abdali et al., 2018).In recent years, PCR has gained significant attention for the detection of microbial pathogens, includingL. monocytogenes, due to its rapidity and reliability. Accordingly, various primers have been developedto specifically identify this organism (Aygun and Pehlivanlar, 2006; Youssef et al., 2020; Parussolo etal., 2021). Numerous studies have confirmed the presence of virulence genes such as mpl, hly, plcA,plcB, prfA, and actA in L. monocytogenes. Among these, the actA gene plays an important role incontrolling the interactions of actin filaments within the peripheral cytoplasm of the host cell, therebyenabling Listeria motility (Heinzen et al., 1993; Aygun and Pehlivanlar, 2006). Several studies have alsoreported the presence of actA pathogenic gene in isolates from different food types (Oliveira et al., 2018).In a study, researchers used PCR polymorphism to determine the length of gene fragments and theribotyping patterns of L. monocytogenes in dairy products; L. monocytogenes strains were divided intonine distinct groups, eight of which possessed the actA gene, making L. monocytogenes (Parussolo et al.,2021).L. innocua is generally considered non-pathogenic compared to L. monocytogenes and L. ivanovii due tothe absence of key virulence genes (Gradovska et al., 2023). It has been also reported that draft whole-genome sequences were completed on five L. innocua isolates recovered from milk and dairy products



in Egypt. The sequencing results revealed the presence of only one antimicrobial resistance gene, fosX,in the L. innocua isolates. However, the genetic similarity between L. innocua and L. monocytogenes,along with their coexistence in similar environments, may facilitate gene transfer and potentiallyinfluence pathogenicity (Ramadan et al., 2023).L. innocua is widely distributed in the environment and can survive across a broad range of pH,temperature, and salt concentration (Buchrieser et al., 2003; den Bakker et al., 2010). It is a Gram-positive, non-spore-forming, rod-shaped bacterium that can persist in environments similar to those ofL. monocytogenes. Due to these ecological similarities, L. innocua may serve as an indicator ofunrecognized L. monocytogenes contamination and potential outbreak events (Terentjeva et al., 2021).Food packaging has become an important factor in food safety. Plastics such as low-density polyethylene(LDPE), polypropylene (PP), polyvinyl chloride (PVC), polyethylene terephthalate (PET), andcellophane are widely used in cheese packaging, mostly conjunction vaccum due to their durability andbarrier properties against moisture and oxygen (Katsara et al., 2025). However, these materials mayrelease microplastics during processing and storage. Microplastics can accumulate in the human bodyand have been associated with inflammation, organ damage, and immune and endocrine disruption(Zajác et al., 2025). Moreover, microplastics provide a physical surface that readily facilitates microbialattachment and biofilm formation. Biofilm-coated microplastics can act as vectors for the persistenceand transfer of microorganisms and associated contaminants within food systems—particularly in thefood industry—and the environment (Zhang et al., 2025). The microplastic surface is prone tocolonization by microbial biofilms composed of microorganisms and extracellular polymeric substances(EPS) (Chen et al., 2024). The slimy nature of the biofilm plays a major role in the subsequent attachmentand adsorption of many other pollutants and pathogenic microbes, thereby becoming a hub or hotspotfor gene transfer (Nath et al., 2023). The ability of L. monocytogenes to form biofilms on polyethylenemicroplastics further highlights this risk (Xu et al., 2024).Recently, microbial interaction networks have been increasingly used to study relationships amongmicroorganisms in complex ecosystems (Srinivasan et al., 2024).The aim of this study was to investigate the occurrence and potential health risks of L. monocytogenes indairy products using integrated culture-based and molecular methods. Specifically, chromogenic agarwas used for preliminary phenotypic detection, followed by PCR-based confirmation and detection ofthe virulence-associated actA gene. In addition, the study examined the relationships between L.monocytogenes, Listeria innocua, and coliform bacteria within a microbial interaction framework, andassessed the potential role of microplastics as vectors influencing microbial persistence and interactions.This multifaceted approach provides a comprehensive, food safety-oriented perspective on Listeriadetection and behavior in dairy matrices.
Materials and MethodsMaterialsThe materials and chromogenic culture media used in this study were supplied by Agar (France) andMerck (Germany) Companies.
MethodsSamplingA total of 179 dairy product samples produced by various factories in Neyshabur were randomly selected.These included different types of cheese with various packaging forms, including UF cheese, processedpizza cheese, mozzarella, Bulgarian, lactic, traditional, and cream cheese, as well as pasteurized butter



and ricotta. During the experimental period, butter samples, along with processed pizza cheese andmozzarella cheese, were kept under frozen conditions, while the other samples were stored at 4°C.Additionally, 20 cheese brands, selected based on their formulation and packaging similarities to Italian-style cheeses, were specifically examined for microplastic contamination in their packaging. Swab testswere performed at 10, 14, and 28 days of storage at 4°C.The sample size was determined based on expected prevalence reported in previous dairy contaminationstudies and established food safety surveillance practices, using a 95% confidence level to ensureadequate detection of L. monocytogenes. All samples were aseptically collected, immediately placed insterile containers, and transported to the laboratory under refrigerated conditions while maintaining thecold chain. Upon arrival, samples were promptly processed for microbiological analysis to minimizechanges in microbial load.
Experimental designFirst, conventional culture methods were used to evaluate the morphology and phenotypic identificationof Listeria bacteria. Then, confirmatory biochemical tests were performed.The experimental plan of the present study was designed as a stepwise, integrated approach combiningclassical microbiology, chromogenic culture, and molecular techniques to ensure robust and reliabledetection of L. monocytogenes in dairy products. Initially, selective and differential culture methods wereapplied as a screening strategy to presumptively identify Listeria spp. and assess phenotypiccharacteristics, including invasiveness. Subsequently, chromogenic agar was employed as a standardizedculture-based method to enhance specificity and enable rapid differentiation of Listeria species based oncolony morphology and enzymatic activity. Molecular confirmation was then performed using PCR tovalidate the presence of L. monocytogenes at the genetic level, followed by targeted detection of the actAvirulence gene to assess pathogenic potential rather than mere bacterial presence.In parallel, coliform enumeration was conducted to provide ecological and hygienic context and toexplore potential microbial associations within dairy products. Furthermore, the investigation ofmicroplastics in cheese packaging and their biofilm-covered surfaces was integrated into theexperimental design to evaluate their possible role as reservoirs or vectors facilitating microbialpersistence and interaction.This multi-layered experimental strategy was adopted to provide a comprehensive, scientificallycoherent, and food safety–oriented assessment of Listeria contamination in dairy products.
L. monocytogenes identificationIt is worth noting that all chemicals used in this study are purchased from Merck, Germany.From each dairy product, a 25-g sample was cultured in 225 ml of Listeria enriched broth medium; fromeach sample, two cultures were prepared, one of which was kept for 48 hours at 35±2°C, while anotherfor 15 days in the refrigerator at 4°C. Each sample was then cultured linearly on PALCAM medium asa selective medium for Listeria, and kept at 35°C for 48 hours; black convex colonies surrounded by aclear halo were considered as the suspected colonies. The suspected colonies were subsequently culturedon TSA plates containing 0.0015% red Congo dye and kept at 37°C for 24-48 hours. Red colonies wereconsidered indicative of invasive strains, whereas clear or white colonies were designated as non-invasive strains. It is worth noting that this method has been used to determine the invasive phenotypeof L. monocytogenes (Wernars et al., 1991; Youssef et al., 2020).Subsequently, the suspected colonies were examined using Gram staining to assess bacterialmorphology. Finally, oxidase testing and carbohydrate fermentation tests (rhamnose, arabinose, maltose,



mannitol, and xylose) were performed as confirmatory biochemical tests for L. monocytogenes (Al-Mariri et al., 2013; Gohar et al., 2017).
Bacteria culture in CHROM agarCHROMagar culture medium was used for the identification and isolation of Listeria species, and theprocedure was performed according to the AFNOR standard test method (Greenwood et al., 2005;Restaino et al., 1999). Initially, serial dilutions were prepared to obtain appropriate concentrations forculturing. For this purpose, samples were inoculated onto L. monocytogenes CHROMagar plates(CHROMagar, France) and incubated for 24 hours.Subsequently, the cultures were incubated under microaerophilic conditions (10% CO₂) using a CO₂incubator at 30°C. Suspected colonies were then selected after 24 hours of incubation (Rezaei et al.,2019; Garcia et al., 2024).
Bacterial DNA extractionBacterial DNA was extracted using a DNA extraction kit (Fara Gene Research institute, Iran) accordingto the manufacturer’s instructions; it was done by columnar and sedimentary methods.
Molecular characterizationThe PCR method was employed for the molecular characterization of L. monocytogenes following aprocedure similar to that described by (Elsayed et al., 2022). The reaction mixture (total volume 25 μL)consisted of 18.3 μL PCR-grade water, 2.5 μL 10× buffer, 1 μL of each primer, 1 μL dNTP mixture (10mM), 1 μL DNA template (100 ng/μL), and 0.2 μL Taq DNA polymerase (1-5.2 U/μL).Amplification was carried out in a thermocycler (Germany) with an initial denaturation step at 94°C,followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 50.8°C for 30 s, and extension at72°C for 1 min, with a final extension at 72°C for 10 min.The PCR products were separated on a 1% agarose gel stained with ethidium bromide, followed byelectrophoresis and visualization under UV illumination.
Detection of the actA geneThe presence of the actA gene was determined using PCR based on the method described by Cao et al.(2018). The primer sequences were first verified using the NCBI BLAST tool, then designed andsynthesized by Dayan BioTech (Seoul, South Korea).The primer sequences were as follows:

· Forward primer (actA-F): 5′-GCTAATAACGCAAACGGAAA-3′
· Reverse primer (actA-R): 5′-TAAACGCCCCTAAAGAGAAC-3′PCR products were analyzed by agarose gel electrophoresis to confirm the presence of the target gene.The primers were synthesized at a scale of 25 nmol (OD ≈ 2).

pH measurementThe pH of samples and media was measured under standard conditions using a Metrum pH meter(Switzerland).
Coliform enumerationColiform counts were determined according to the AFNOR standard method (France) (Restaino et al.,1999; Greenwood et al., 2005). The culture medium was prepared according to the manufacturer’s



instructions. Samples were cultured using the pour plate method and incubated at 37°C for 24 h (Rezaeiet al., 2019).After incubation, red colonies were identified as coliforms, while blue colonies were identified as E. coli(Restaino et al., 1999; Greenwood et al., 2005; Vlaemynck et al., 2000; Scotter et al., 2001; Garcia etal., 2024).
Detection of microplasticsThe presence of microplastics in plastic-based food packaging and dairy products has already been wellestablished in recent high-quality studies using validated analytical techniques such as FTIR, Ramanmicroscopy, and spectroscopic imaging (Giri et al., 2024; Visentin et al., 2024; Santonicola et al., 2025;Xu et al., 2025; Zajác et al., 2025). To avoid unnecessary repetition of previously validated analyticalmethods and to preserve the novelty of the present work, we did not repeat microplastic identificationprotocols.Instead, packaging materials that are well documented in the recent literature to contain microplasticswere selected, and the focus of the study was placed on a novel and underexplored aspect: themicrobiological interaction between L. monocytogenes, Listeria innocua, and microplastic-containingpackaging surfaces, including bacteria migration, surface colonization, and biofilm formation duringrefrigerated storage.Surface sampling of the inner packaging layer was conducted to evaluate the presence and behavior ofL. monocytogenes and L. innocua on these materials. A cotton swab test was performed to detect Listeriacontamination on microplastic-associated surfaces in plastic cheese packaging, where biofilm formationwas observed as slimy layers or sediment (Jansson et al., 2020; Chen et al., 2024).This approach allowed us to specifically address the food safety and public health implications ofmicroplastics as potential vectors for pathogenic bacteria, rather than focusing on their analyticaldetection, which has already been comprehensively addressed in recent literature.
Statistical methodSimilarity and pattern matrices, represented by two-dimensional dendrogram diagrams, were used toinvestigate Listeria contamination patterns in dairy products from different factories in Neyshabur. Ahierarchical clustering approach, integrated with principal component analysis (PCA) and supported bystatistical tests, was applied to provide a reliable and biologically meaningful framework forcharacterizing and differentiating dairy products based on Listeria contamination patterns and relatedparameters.Principal component analysis (PCA) is a multivariate statistical method that simplifies complex datasetsby transforming correlated variables into a smaller number of uncorrelated components, therebyhighlighting patterns and groupings in the data (Jalaei Salmani et al., 2023; Mansouri et al., 2022; Jolliffe,2025). Similarity analysis and dendrogram construction were performed using standard hierarchicalclustering methods, based on the presence or absence of the target gene and physicochemical variablessuch as pH. This approach is widely accepted in molecular epidemiology studies of bacterial isolates.In addition, regression analysis and microbial interaction network analysis (Spearman and Kendallcorrelations) were used to evaluate the relationship between coliform presence and Listeria survival. AK2 test was also performed to assess the association between Listeria contamination and the presence ofmicroplastics.



ResultsThe experimental results of the studied dairy products are presented in Table 1, which includes samplesobtained from nine factories in Neyshabur, comprising 21 codes for different types of cheese and fivecodes for butter (Supplementary Tables 1 and 2).
Investigation of Listeria contamination frequency in various dairy products of NeyshaburThe results showed that the highest contamination with L. monocytogenes was observed in ricotta andpasteurized cheese, while the lowest contamination was found in lactic cheese. Additionally, pasteurizedcheese exhibited the highest contamination with Listeria innocua (Figure 1).
Prevalence of Listeria in dairy products and microplastic packagingSwab tests from cheese packaging surfaces over storage periods of 10, 14, and 28 days at 4 °Cdemonstrated notable migration of Listeria from cheese to packaging materials containing microplastics.The main findings were as follows:

· Ricotta packaging: 100% contamination with both L. monocytogenes and L. innocua
· Mozzarella packaging: 90% (L. monocytogenes), 70% (L. innocua)
· Pasteurized cheese packaging: 90% (L. monocytogenes), 60% (L. innocua)
· Processed pizza cheese packaging: 90% (L. monocytogenes), 70% (L. innocua)
· Bulgarian cheese packaging: 100% for both species
· Cream cheese packaging: 70% (L. monocytogenes), 10% (L. innocua)These findings indicate a significant risk of microbial migration from cheese surfaces to microplastic-containing packaging materials, particularly during cold storage.

Frequency of Listeria contamination and transfer to microplasticsThe results presented in Table 1 and Supplementary Figure 1 show that Listeria contamination wastransferred from contaminated cheeses to microplastic-containing packaging surfaces over 10, 14, and28 days at 4 °C.Swab test results demonstrated an increasing trend in Listeria contamination on microplastic surfaces,corresponding to the level of contamination in the cheese samples.
Correlation between coliforms and L. monocytogenesRegression analysis indicated a strong positive correlation between coliform counts and L.monocytogenes contamination (R²=0.89). As coliform levels increased, L. monocytogenes contaminationalso increased (Figure 2A).
Correlation between coliforms and L. innocuaNo significant linear correlation was observed between coliforms and L. innocua (R² = 0.13), indicatinga weak relationship between these variables (Figure2B).
Importance of Listeria contamination in cheese and ricottaDendrogram analysis showed that L. monocytogenes contamination was significantly higher in cheeseproducts. Higher pH values were associated with increased L. monocytogenes contamination (Figure3A).



Importance of Listeria contamination in various types of butterThe analysis indicated that L. innocua contaminaton in butter samples was higher than L. monocytogenes,particularly in pasteurized butter (Figure3B).
DiscussionInvestigating the frequency of Listeria contamination in various dairy products of NeyshaburIn this study, various types of dairy products were investigated for L. monocytogenes contamination.Among the 179 analyzed samples, 64.2%, 50%, 28.57%, 22.22%, 38.46%, 53.84%, 60%, 58.33%, and68.75% of mozzarella, processed pizza, cream, UF, lactic, pasteurized, Bulgarian, traditional, and ricottacheeses, respectively, were contaminated with L. monocytogenes (Table 1).It should be noted that food processing prior to consumption may lead to bacterial death; however, thepresence of dead cells can result in false-positive PCR results. To address this limitation, several studieshave applied enrichment culture prior to PCR to increase the number of viable bacteria and improvedetection sensitivity (Azinheiro et al., 2022). Moreover, employing enrichment culture medium leads tothe dilution of dead bacteria that are the inhibiting agents of PCR reaction (Ricchi et al., 2017).The results of the present study showed that approximately 70% of the analyzed dairy samples containedthe actA gene, indicating the pathogenic potential of L. monocytogenes. This gene plays a critical role inactin polymerization, enabling intracellular and intercellular movement, escape from the phagolysosome,resistance to host immune defenses, and replication within host cells. The actA gene is therefore essentialfor Listeria motility and virulence (Parussolo et al., 2021). Previous studies have also reported that theresistance of the actA gene in L. monocytogenes increases the prevalence of Listeria contamination inindustrial foods (El-Zamkan et al., 2021). Understanding the genetic characteristics of L. monocytogenesis therefore essential for controlling this pathogen and reducing the risk of listeriosis (Wiktorczyk-Kapischke et al., 2023).L. monocytogenes is responsible for listeriosis, a disease with a high mortality rate (up to 30%). Thispathogen is highly tolerant to environmental conditions, with a growth range between 0°C and 42°C andan optimal temperature of 30-35°C. Although growth slows below 5 °C, the bacterium can still surviveunder refrigeration conditions. In addition, it tolerates a wide pH range and low nutrient availability andis widely distributed in the environment, including water, soil, dairy, meat, and vegetables (Wiktorczyk-Kapischke et al., 2023).In the present study, Listeria contamination was not observed in cheeses produced using industrialultrafiltration methods. Contamination of dairy products may occur due to ineffective pasteurization orpost-processing contamination, particularly during packaging, handling, or storage (Wei et al., 2024).These findings are consistent with the results of the present study (Figure 4).
Investigating the correlation between the presence of coliforms and L. monocytogenes contaminationin dairy productsL. monocytogenes and coliform bacteria are both capable of growing in milk and dairy products (DalBello et al., 2012). They can also survive under refrigerated conditions and in humid environments(Lewis et al., 2006). The presence of certain microorganisms in cheese may indirectly promote thegrowth of L. monocytogenes, for example through pH changes that create more favorable conditions(Schvartzman et al., 2014), as shown in Supplementary Figure 2.Due to similarities between coliforms and Listeria spp. in terms of environmental adaptability and growthcharacteristics, their relationship was evaluated using regression analysis, as demonstrated in Figure 2A.Coliforms are facultative aerobic and anaerobic bacteria, capable of growing over a wide temperaturerange (10-46°C), utilizing diverse substrates, and producing acid and gas from sugars. Similarly, L.



monocytogenes is a facultative anaerobe with high environmental adaptability, able to survive across abroad range of temperatures and conditions (Buchrieser et al., 2003).These shared physiological traits support the hypothesis of co-occurrence and possible interaction withindairy matrices. The results of this study are consistent with previous findings and demonstrate asignificant positive correlation between L. monocytogenes and coliform counts. According to Table 2both Spearman and Kendall’s tau tests confirmed a statistically significant relationship (p<0.05),indicating that an increase in coliform levels is associated with increased L. monocytogenescontamination.
Investigating the transmission and relationship of Listeria contamination with microplasticsTechniques used to identify microplastics in food packaging include thermal methods, Ramanspectroscopy, scanning electron microscopy (SEM), Fourier-transform infrared (FTIR) spectroscopy,attenuated total reflectance FTIR (ATR-FTIR), focal plane array (FPA)-FTIR, near-infraredspectroscopy (NIR), and nuclear magnetic resonance (NMR) spectroscopy (Giri et al., 2024; Santonicolaet al., 2025).In recent years, these techniques have been widely applied to detect microplastics in the packaging ofvarious milk and cheese products (Kiruba et al., 2022; Zipak et al., 2022; Buyukunal et al., 2023; Kasekeet al., 2023; Giri et al., 2024; Chinglenthoiba et al., 2025; Katsara et al., 2025; Santonicola et al., 2025).Therefore, repeating these analytical methods to confirm the presence of microplastics in cheesepackaging was not considered in this study.Microplastics can selectively accumulate microorganisms from their surrounding environment,promoting biofilm formation. The researchers provided important insights into how pathogens formbiofilms on microplastics, highlighting their role in microplastic-biofilm contamination and the potentialtransfer of pathogenic bacteria into the human body (Xu et al., 2024). Control efforts are furthercomplicated by the ability of L. monocytogenes to form biofilms and persist under cold storage conditions(Radoshevich and Cossart, 2018; Sharma et al., 2025).In this study, a cotton swab method was used to detect Listeria contamination on microplastic surfacesin plastic cheese packaging (Chen et al., 2024). This method is suitable for evaluating bacterialcontamination on surface materials. Microplastic contamination in food has gained increasing attentiondue to its potential health impacts, including oxidative stress, inflammation, carcinogenesis,neurodegeneration, immune system disruption, and altered energy metabolism (Giri et al., 2024).Here, swab sampling was performed on biofilm-covered inner packaging surfaces of cheese samples.These surfaces covered with slimy layers of sediment or biofilm, that allow L. monocytogenes and L.innocua adhered , mutated and exchanged (Jansson et al., 2020). Fat-rich cheeses such as cream cheese,mozzarella, and processed pizza cheese, which contain high fat and 1-1.5% salt, are comparable to CretanGraviera cheese. A recent work has shown that microplastics can migrate from LDPE and PP packagingto cheese surfaces, with microbial growth more pronounced in LDPE than in PP packaging. This studysuggests that microplastics act as substrates for microbial attachment and biofilm formation, facilitatingthe persistence and potential transfer of foodborne pathogens. These particles can function as vectors byadsorbing bacteria and enabling their survival under adverse environmental conditions, therebycontributing to cross-contamination along the food processing and packaging chain. Although the roleof microplastics in biofilm-mediated transmission of Listeria spp. remains insufficiently explored, thisemerging mechanism highlights a potential link between packaging-derived microplastics and microbialfood safety risks (Katsara et al., 2025).



According to Supplementary Table 3, there is a significant relationship between these two types ofListeria contamination in microplastic biofilms. Moreover, Supplementary Figure 1 shows that L.monocytogenes contamination is higher in microplastic biofilms.
Microplastics as vectors for Listeria transmissionOne of the key findings of this study is the demonstrated transfer of Listeria from contaminated cheeseto the inner surfaces of plastic packaging materials. Packaging composed of LDPE, PP, and cellophaneshowed clear evidence of biofilm formation and microbial adhesion during cold storage.Swab test results revealed that contamination—particularly by L. monocytogenes—increased over time,indicating progressive migration and colonization of packaging surfaces. These findings suggest thatmicroplastics are not merely passive contaminants but may actively support microbial persistence anddissemination.While previous studies using Raman and FTIR spectroscopy have confirmed the migration ofmicroplastics into food products, the present study provides complementary microbiological evidenceof their role in facilitating bacterial transfer. This highlights the importance of considering microplasticsas potential vectors in food safety risk assessments.
Investigating the correlation between the presence of coliforms and L. innocua contamination in dairyproductsL. innocua is a saprophytic, hemolytic bacterium widely distributed in the natural environment,commonly found on the surfaces of water, vegetables, and food waste. It can survive across a broad rangeof pH, temperature, and salt concentration (Moreno-Enriquez et al., 2007). In the plasmid of L. innocua,there is a compound called bacteriocin, which is a type of antimicrobial peptide. Bacteriocin is a smallpeptide molecule composed of 30 to 60 amino acids. It is generally produced by lactic acid bacteria andother species. Bacteriocin is beneficial for controlling L. monocytogenes; therefore, it can reduce thepathogenic risk associated with food (Banerjee et al., 2004).However, various genetic mechanisms of virulence transfer among Listeria species and other generacould raise the possibility of the evolution of virulent strains of Listeria innocua. Specifically, thepresence of CLPL carried on plasmids alongside common virulence and antimicrobial resistance genes—combined with ongoing genetic mechanisms of virulence transfer among Listeria and other genera—could endanger current industrial processing and preservation protocols and present health risksassociated with dairy products (Ramadan et al., 2023). Such mechanisms may compromise current foodprocessing and preservation strategies and pose public health risks.In this study, L. innocua was detected in 75%, 81.25%, 28.57%, 25.92%, 23.69%, 100%, 60%, 50%, and100% of mozzarella, processed pizza, cream, UF, lactic, pasteurized, Bulgarian, traditional, and ricottacheeses, respectively, as demonstrated in Figure 3.Statistical analysis showed no significant linear relationship between L. innocua and coliform countsbased on regression analysis. However, non-parametric tests (Spearman’s and Kendall’s tau) revealed asignificant positive association (p<0.05). This discrepancy suggests that the relationship between L.innocua and coliforms is likely non-linear or more complex than can be captured by linear regressionmodels.
Investigating the importance of Listeria contamination in various types of cheeses and ricotta basedon dendrogram and clustering analysisDendrogram and clustering analyses revealed that L. monocytogenes contamination had the highestcontribution among cheese products. The results also indicated that pH is a key factor influencing



bacterial growth, with higher pH values promoting increased L. monocytogenes proliferation(Schvartzman et al., 2014).These findings are consistent with previous studies (Cole et al., 1990; Scotter et al., 2001) demonstratingthe significant role of pH in supporting Listeria growth in dairy matrices, as demonstrated inSupplementary Figure 2.
Investigating the importance of Listeria contamination in various types of butter based on dendrogramand clustering analysesClustering analysis identified two main groups among butter samples. Cluster 1 included pasteurizedbutter samples with a similarity index of 0.68, while Cluster 2 also included pasteurized butter with asimilarity index of 0.65. Notably, butter samples from factories 1 and 6 showed high similarity withinCluster 1 (similarity index = 0.89), compared to samples from factory 3.The clustering pattern indicates that L. innocua was the dominant factor influencing group formation inbutter samples. In Cluster 2, L. monocytogenes growth was limited, whereas L. innocua contaminationwas relatively higher. This suggests that L. innocua may play a more significant role in shaping microbialprofiles in butter products.Given the ability of L. monocytogenes to survive and persist under low-temperature conditions, itspresence in butter remains noteworthy (Bouymajane et al., 2021).Statistical analysis (Spearman and Kendall’s tau) indicated a borderline but significant relationshipbetween L. monocytogenes and coliforms (p<0.05), with positive coefficients suggesting that increasesin coliform counts are associated with increased L. monocytogenes contamination. A similar significantpositive relationship was observed between L. innocua and coliforms.
Investigating the importance of Listeria contamination in microbial interaction networks in dairyMicrobial interaction networks represent a fundamental framework for understanding complex microbialecosystems. By characterizing interactions as positive, negative, or neutral, these approaches provideinsight into how microbial species influence each other within a given environment.Such interactions can be studied using both qualitative methods—such as co-culture experimentscombined with microscopy and multi-omics approaches (metagenomics, metabolomics, andmetatranscriptomics)—and quantitative methods, including network construction and computationalmodeling. Statistical tools such as Spearman and Kendall’s correlations are commonly used to inferrelationships from microbial abundance data (Srinivasan et al., 2024).In the present study, microbial interaction network analysis demonstrated a significant associationbetween Listeria contamination and coliform presence in dairy products. This finding highlights theimportance of considering microbial communities as interconnected systems rather than isolatedorganisms, and supports a more integrated approach to food safety assessment.
ConclusionsThis study identified and characterized Listeria contamination in various cheeses and butters producedin Neyshabur, Iran. Bacteriological analysis and PCR assays revealed significant contamination by L.monocytogenes in several dairy products, including cheeses, ricotta, and industrial butter, with asubstantial proportion carrying the invasive actA gene.Cluster (dendrogram) analysis indicated that L. monocytogenes was the dominant contaminant incheeses, whereas L. innocua was more prevalent in butter samples. Principal component analysis (PCA)further confirmed L. monocytogenes as the most influential contaminant and suggested a positiveassociation with higher pH values.



Regression analysis showed a correlation between L. monocytogenes and coliform counts, while no linearrelationship was observed between coliforms and L. innocua. However, non-parametric tests(Spearman’s rho and Kendall’s tau) indicated a significant positive, though non-linear, associationbetween these variables. This discrepancy suggests that the relationship between microbial populationsmay be complex and not adequately captured by linear models alone. In this study, the role ofmicroplastics as vectors that facilitate microbial persistence and interaction was evaluated and confirmed.The findings related to microplastics highlight the need for improved hygienic practices, stricter controlof packaging materials, and enhanced monitoring of dairy production environments. Future researchshould employ advanced molecular and spectroscopic techniques to better elucidate the interactionsbetween microbial contaminants and food contact–related factors, including microplastics, in dairysystems.
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Online supplementary materialSupplementary Table 1. List of sample coding of cheeses and ricotta.Supplementary Table 2. List of butter sample coding.Supplementary Table 3. The results of K2 test in microplastics.Supplementary Figure 1. Relationship between Listeria contamination and cheese type in themicroplastic study.Supplementary Figure 2. Diagram of product clustering as a function of pH effect.



Table 1. Distribution of Listeria contamination in various dairy products.Type of dairy product Total number ofsamples The number of samples contaminatedby L. innocoa The number of samples contaminatedby L. monocytogenes The number of samplescontaminated by ListeriaMozzarella cheese 28 24 (85.70%) 18 (64.20%) 21 (75%)Processed cheese 16 12 (75%) 8 (50%) 13 (81.25%)Cream cheese 21 9 (42.85%) 6 (28.57%) 6 (28.57%)UF cheese 27 9 (33.33%) 6 (22.22%) 7 (25.92%)Lactic cheese 13 9 (69.23%) 5 (38.46%) 9 (69.23%)Pasteurized Butter 28 23 (82.14%) 18 (64.28%) 20 (71.42%)Pasteurized cheese 13 13 (100%) 7 (53.84%) 13 (100%)Bulgarian cheese 5 3 (60%) 3 (60%) 3 (60%)Traditional cheese 12 10 (83.33%) 7 (58.33%) 6 (50%)Ricotta 16 16 (100%) 11 (68.75%) 16 (100%)
Table 2. Relationship between L. monocytogenes and L. innocua with coliform counts in cheese and butter samples based onSpearman’s rho and Kendall’s tau-b tests.Pathogens Product Type Spearman’s Kendall’s taub PRelationship between L.monocytogenes and Coliform Cheese 0.380 0.319 <0.05Relationship between L.innocua and Coliform Cheese 0.387 0.316 <0.05Relationship between L.monocytogenes and Coliform Butter 0.339 0.278 0.05Relationship between L.innocua and Coliform Butter 0.442 0.372 <0.05
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Figure 1. The amount of contaminated dairy products by Listeria.
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CFigure 4. A) PCR for L. monocytogenes; B) representation of best band of actA gene; c) protocoltemperature range in PCR.


