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Spatial analysis of milk and cottage cheese reveals poor microbial quality and contamination with foodborne pathogens in the central highlands of Ethiopia
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Introduction: Foodborne diseases that result from a wide range of illnesses caused by contaminated foods remain a challenge in least-developed countries. The objective of this study was to evaluate microbial quality and safety of milk and cottage cheese and spatial distribution of microbial quality indicators and foodborne pathogens along the dairy value chain in the three regions of the country.

Methods: A cross-sectional study was conducted from December 2020 to May 2021. A total of 912 samples were collected and tested for aerobic plate count, total coliform count, Escherichia coli count, Listeria monocytogenes, Salmonella enterica, and Campylobacter spp., according to standard methods of microbial enumerations and isolation procedures.

Results: Microbial quality of milk and cottage cheese in the dairy value chain was found poor quality, as the total bacteria count, total coliform count, and Escherichia coli count were estimated to be 98% (95% CI 97.2–98.9%), 61.2% (95% CI 58–64.3%), and 28.6% (95% CI 25.8–31.6%), respectively. Microbial load of milk and cottage cheese samples exceeded the limits set by the Ethiopian Standards Agency. The overall prevalence of samples contaminated by at least one pathogen was 50.3% (95% CI 47.1–53.7%), indicating that raw milk samples collected from milk collectors were predominantly contaminated (OR = 2.1, p = 0.003), followed by milk processors (OR = 1.3, p = 0.003).

Discussion: The spatial analysis revealls that the poor microbial quality standards and distribution of microbial quality indicators and foodborne pathogens were concentrated in the central highlands of Ethiopia, within nearly 100 kilometers radius from Addis Ababa city to surrounding towns. This study offers some insight into the importance of food traceability to prevent food safety threats along the dairy value chain and intervention areas.
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1 Introduction

Foodborne diseases (FBDs) encompass a wide range of illnesses caused by food contamination, posing significant public health challenges worldwide (Bhaskar, 2017). These diseases are linked to human health and have a considerable impact on socioeconomic growth (Gizaw, 2019; Abebe et al., 2020). In 2010, the World Health Organization estimated that there were 600 million foodborne infections and 420,000 related deaths (WHO, 2015).

FBDs are increasing in low and middle-income countries (LMCs), and significant outbreaks occur because of the nutritious and fresh food purchased from informal markets (Grace, 2023). 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). Dairy products provide favorable conditions for pathogens to survive and multiply, posing a risk to new hosts, including humans (Abebe et al., 2020).

According to the European Food Safety Authority (EFSA), 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 Adugna and Asresie (2015), the microbial quality of dairy products was below international standards, and foodborne pathogens were prevalent and unsafe for human consumption (Keba et al., 2020).

Currently, changes in the global climate are affecting all aspects of food production, handling, marketing, distribution, and consumption habits along the food value chain (Broglia et al., 2019; Gomez-Zavaglia et al., 2020). The shifting of technologies in food processing, food packing and storage, and agricultural practices contributes to the emergence of novel bacteria and their distributions (Hamaideh et al., 2024). Global warming requires a deep understanding of climate-driven emerging risks related to the variability of rainfall, temperature, drought, and moisture (Hellberg and Chu, 2016; Nayak and Waterson, 2019; Duchenne-Moutien, 2021).

Ethiopia is known for its diverse climate and agro-ecological regions, where highland and midlands are characterized by high rainfall and forage production while lowland faces drought (Chamberlin and Schmidt, 2011; Gizaw et al., 2017).

Spatial analysis is important for understanding the distribution of foodborne pathogens and managing associated risks. It helps in developing intervention strategies, efficiently managing resources, and planning (Polonsky et al., 2019; Kanankege et al., 2020; Gething et al., 2023; Jato-Espino et al., 2023).

No previous study has investigated the spatial distribution of milk quality indicators and foodborne pathogen distributions, which is needed for rapid response, decision-making, and management of foodborne diseases. Therefore, the primary aim of this study was to evaluate the microbial load and prevalence of foodborne pathogens in milk and cottage cheese and spatial analysis along the dairy value chain in the three regions of the country.



2 Materials and methods


2.1 Study areas

The study regions were chosen based on milk production potential; accordingly, Oromia, SNNP, and Amhara regions were selected as study areas (CSA, 2019). Each of the regions was represented by 4 study sites based on high dairy production and potential milk flow to the main cities and towns (Figure 1). The selected sites are characterized by the linkage of the dairy value chain activities, including milk production, collection, processing, and milk and cottage cheese retailing practices. Thus, Wolmera, Bishoftu, Asella, and Selale milk shades represented the Oromia region; Hawassa, Yirgalem, Woliata, and Dilla represented the SNPP region; and Debre Berhan, Debre Markos, BahirDar, and Gonder milk sheds represented the Amhara region.
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FIGURE 1
 Study regions and sites.




2.2 Study design and sample size determination

A cross-sectional study was conducted, and milk and cottage cheese samples were collected from December 2020 to May 2021. The sample size was calculated based on the following formula (Charan and Biswas, 2013):
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Using expected prevalence (P) as 50% and with a standard variation (at 5% type one error) of 1.96 and 5% precision (d), the sample size becomes 384. As we have considered three regions and four value chains, the sample size was increased by two times. Hence, a total of 912 milk and cottage cheese samples were collected from milk producers, milk collectors, milk processors (raw milk pasteurizing), farm markets, and retailers. The raw milk and traditional cottage cheese samples were collected from individual farmers and farm markets (n = 272), raw milk collectors (n = 184), milk processors (n = 184), and pasteurized milk and cottage cheese shops or retailers (n = 272).



2.3 Sample collection techniques and GIS

A list of dairy farmers, raw milk collectors, milk processors, retailers, and cottage cheese farm markets were identified from local milk cooperatives or collection centers and administrative districts found in the study areas.

A simple random sampling technique was applied to select raw milk producers and pasteurized retailers from the dataset. However, due to the limited number of milk processors and milk collection sites compared to producers and retailers, we randomly obtained samples from the batch of pasteurized milk and milk cans by varying the sampling days.

Approximately 250 mL of fluid raw milk samples were collected using sterilized plastic bottles for further microbial analysis. Potential cottage cheese farm markets were identified from each study site, and 250 g of the cottage cheese samples were collected aseptically using sterile stomacher bags. Additionally, pouches of packed pasteurized milk (approximately 500 mL) were collected from milk processors and retailers. The samples were stored in a cold chain and transported using a portable electrical fridge maintained at 4°C, connected to the vehicle’s engine. Microbial analyses of the samples were conducted within 24-h of the sample collections.

The geographic locations of each sample were recorded by taking coordinates of altitudes and longitudes (X, Y) using a KOBO Toolbox data collection tool.



2.4 Microbial analyses


2.4.1 Enumerations of aerobic plate count and total coliform/Escherichia coli counts

Enumerations of standard plate count (SPC) and coliform/E. coli bacteria in milk and cottage cheese were done according to the standard protocols recommended by the Bacteriological Analytical Manual of the FDA (2003) and the 3M Petri film of food safety (3M Food Safety, 2017), respectively. A plate count agar (PCA) was used for the enumeration of APC counts, and 3M Petri film was used for the enumeration of the total coliform/E. coli counts. After serial dilutions were performed, 1 mL of the aliquot sample was plated on molten agar and 3M Petri film for the aerobic plate and total coliform/E. coli counts, respectively. The full detailed procedure enumeration of the SPC and coliform/E. coli was outlined in our previous publication (Mengstu et al., 2023).



2.4.2 Isolation and confirmation of Listeria spp.

The isolation and identification of Listeria were performed based on the standard detection method (ISO 11290-1, 2017). A 25 mL sample of the fluid milk or 25 g of the cottage cheese was first enriched in 225 mL of the half Fraser broth in filter stomacher bags and incubated at 30°C for 24 h. Then, a 10 μL pre-enriched sample was streaked on the chromogenic Agar Listeria according to Ottaviani and Agosti (ALOA) and Polymyxin-Acriflavin-Lithium Chloride-Ceftazidime-Aesculin-Mannitol (PALCAM) agars using a sterile loop and incubated at 37°C for 24–48 h. For further recovery of Listeria spp., 0.1 mL of pre-enriched samples was transferred into a tube containing 10 mL of Fraser broth and incubated at 37°C for 24 h. Then, 10 μL of second enrichment was streaked on ALOA and PALCAM agars and incubated at 37°C for 48 h. Presumptive Listeria colonies (green shiny colonies with diffuse black shadow around them on the PALCAM agar and blue colonies with or without halo around the colonies on the ALOA agar) were transferred to the brain heart infusion agar and further incubated at 37°C for 24 h. DNA of presumptive colonies of Listeria isolates was extracted, and PCR confirmation of Listeria spp. and Listeria monocytogenes was conducted using specific iap and lmo2234 primers, respectively. The full detailed procedure isolation Listeria spp. was outlined in our recent publication (Hassen et al., 2024).



2.4.3 Isolation and confirmation of Salmonella enterica

Enrichment and isolation of Salmonella enterica from milk and cottage cheese were performed according to ISO 6579-1 (2017). The detailed procedure of Salmonella enrichment, isolation, and conformation was outlined in our previous publication (Bedassa et al., 2023). Buffered Peptone Water (BPW) was used for the pre-enrichment of Salmonella, and it was incubated for 18 h at 35°C. A pre-enriched sample was transferred into selective media, Muller Kaufmann Tetrathionate (MKTTn) broth and Rappaport Vassiliadis (RV) broth, using a sterile loop and incubated at 41°C and 37°C for 24 h, respectively. Selectively enriched Salmonella was plated on xylose lysine deoxycholate (XLD) agar and hektoen enteric (HE) agar. For 24 h, inoculated plates were incubated aerobically at 37°C. Presumptive isolates were further sub-cultured onto the brain heat infusion (BHI) agar and incubated at 35°C for 24 h for molecular conformation. Salmonella isolates were confirmed utilizing PCR targeting the invA gene. Each electrophoresis run included a 100 bp DNA ladder, as well as positive (Salmonella enterica ATTCC 35,664) and negative controls (nuclease free water).



2.4.4 Isolation and confirmation of Campylobacter spp.

Samples of Campylobacter species were enriched according to ISO 10272-1 (2017) method B. Method B was used because of the anticipated high level of background flora. The detection approach B involved enrichment in Preston broth in a microaerobic environment at 41.5°C for 24 h. After enrichment, the samples were streaked on modified charcoal cefoperazone deoxycholate agar (mCCDA) in a microaerophilic environment at 41.5°C for 44 h, and then a Gram staining or latex agglutination test was performed. Isolates that passed these screenings were confirmed by PCR, which targeted Campylobacter spp., the 23S rRNA gene, and genes specific to each Campylobacter species. Molecular confirmation was carried out utilizing PCR, as described in full in our previous publication (Admasie et al., 2023).





3 Data analysis

Microbial quality indicators, including standard plate count (SPC), total coliform count (TCC), and Escherichia Ecoli (EC) counts, were converted to colony forming units (CFU) prior to data analysis. Based on ESA (2021) standard requirements, the microbial quality of the samples were categorized into below standard or acceptable level (pass), and above standard or unacceptable/more than acceptable level (failed). Then, microbial data was converted to dichotomous variables, where “1” represented the unacceptable/more than acceptable level (failed) or presence of at least one pathogen (either Listeria monocytogenes, Salmonella enterica or Campylobacter spp.), and “0” represented the acceptable level or absence of the three pathogens. Microbial data were used as the outcome variables, while the dairy value chain and study areas were considered the explanatory variables.

Logistic regression was used to evaluate the association between the microbial data and study areas and the dairy value chain. The strength of association was examined using the odds ratio at 95% confidence interval and p < 0.05 using statistical software, STATA version 17. Locations of sample collections were taken using the Global Positioning System (GPS). The Quantum GIS (QGIS) software was applied for the mapping and spatial distributions of the microbial quality indicators and foodborne pathogens. The red (unacceptable/more than acceptable level or failed) and green (acceptable level or pass) dots on the mapping indicate the microbial quality and safety of the samples collected from the different locations.



4 Results

The current study indicated that milk and cottage cheese collected in the three regions were contaminated with foodborne pathogens and high microbial loads, indicating poor microbial quality and safety standards.

Based on the ESA (2021) requirements for the total plate count of bacteria, the majority of the samples collected from the three regions were below the standard requirements. We found no associations between the total plate bacteria load and the regions of the samples collected (Table 1). However, there was a significant difference in total coliform count and E. coli bacteria between the regions (p = 0.01). The highest risk factors for total coliform count and E. coli were found in samples collected from the SNNP region (OR = 1.8) and Oromia region (OR = 2.3), respectively (Table 1).



TABLE 1 Microbial quality of milk and cottage cheese (standard plate count, total coliform count, and E. coli) collected from the three regions.
[image: Table1]

Distribution of the standard plate count bacteria was found in the Oromia, SNNP, and Amhara regions; the total coliform bacteria were found distributed in the SNNP and Oromia regions, while E. coli bacteria were mostly found in the Oromia region (Figures 2–4).

[image: Figure 2]

FIGURE 2
 Distributions of aerobic plate count bacteria below standard requirements in the three regions.
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FIGURE 3
 Distributions of total coliform bacteria below and above the standard requirements in the regions.


[image: Figure 4]

FIGURE 4
 Distributions of E. coli bacteria counts below and above the standard requirements in the regions.


Figure 5 demonstrates difference from total bacteria to E. Coli counts distribution in the regions indicating poor hygienic production and handling and fecal contamination of the dairy products, respectively. From the figure below (Figure 2), we can see the high microbial load distributions of the samples collected from Addis Ababa and surrounding sites of the Oromia region, including the rift valley areas, Hawassa and surrounding towns. Controversially, Amhara region sites except Debre Berhan were not identified as spots of the high bacterial load (Figure 2).

[image: Figure 5]

FIGURE 5
 Distributions of quality indicators difference from the holistic total bacteria to E. coli counts in the regions.


Table 2 illustrates some characteristics of dairy value chain types; the pooled prevalence of standard plate count distribution was estimated as 98% (95% CI 97.2–98.9%) across the value chain. The table indicates there was no significant difference in total coliform bacteria of the samples collected across the dairy value chain (χ2 = 0.63, p = 0.4274).



TABLE 2 Distributions of aerobic plate count below standard requirements across the dairy value chain.
[image: Table2]

The pooled prevalence of below standard quality for coliform and E. coli was estimated as 61.2% (95% CI 58–64.3%) and 28.6% (95% CI 25.8–31.6%), respectively.

Further statistical analysis revealed that raw milk collectors significantly contributed to total coliform (χ2 = 54.1 p = 0.000) (Table 3) and E. coli distributions (χ2 = 64.4, p = 0.000) compared to other dairy value chain actors (Table 4). As shown in Table 3, the highest risk factor of total coliform was found at milk collection points (OR = 3.43, 95% CI 60.4–84.8), followed by milk processors (OR = 3.3, 95% CI 59.8–84.4) and retailers (OR = 1.7, 95% CI 44.5–71.8).



TABLE 3 Distributions of the total coliform bacteria counts below standard requirements across the dairy value chain.
[image: Table3]



TABLE 4 Distribution of E. coli bacteria counts below standard requirements across the dairy value chain.
[image: Table4]

From the data indicated in Table 5, it is apparent that 50.3% (95% CI 47.1–53.7%) of the samples collected from the three regions were contaminated by at least one pathogen, for the sample tested for either of Listeria monocytogenes, Campylobacter spp., or Salmonella enterica. The data indicated the significant distribution of the pathogens among the regions (χ2 = 125, p = 0.00). The samples collected from the Oromia region had 5.6 times higher risk of being contaminated by at least one pathogen (OR = 5.6, 95% CI 51.0–80.5) which was followed by the SNNP region (OR = 1.4, 95% CI 20.3–52.4).



TABLE 5 Prevalence of foodborne pathogens for at least one of the pathogens (Listeria monocytogenes, Salmonella enteric, and Campylobacter spp.,) isolated from the three regions.
[image: Table5]

The distribution of the foodborne pathogens across the dairy value chain by considering at least one positive pathogen for the tested samples is indicated in Figure 6. Foodborne pathogens distributions across the value chain were observed in similar terms with the microbial indicators as indicated in Table 6. The table indicates the samples collected from milk collectors were contaminated with at least one pathogen by 63.6% of the total samples and had higher risk factor (OR = 2.1, 95% CI 48–74.5%). An important point that emerged from the data was that the risk factor of the pasteurized milk was higher (OR = 1.3, 95% CI 36.6–66.3) than the raw milk at production points (Table 6).

[image: Figure 6]

FIGURE 6
 Distributions of at least one pathogen (Listeria monocytogenes, Salmonella enterica, and Campylobacter spp.) across the dairy value chain of the three regions.




TABLE 6 Prevalence of foodborne pathogens for at least one of the pathogens (Listeria monocytogenes, Salmonella enterica, and Campylobacter spp.,) across the dairy value chain.
[image: Table6]



5 Discussion

The current study reveals that the microbial quality and safety of milk and cottage cheese were found below standard requirements and unsafe for human consumption. Based on the microbial load of the standard plate, total coliform, and E. coli bacteria counts, the samples were found below the standards set by ESA (2021). A result comparable to our finding was reported in the central highlands, where the bacteriological quality of dairy product was below the standards set by the Ethiopian Standards Agency (Tola, 2016). The current results indicate dairy products are highly contaminated with foodborne pathogens. The dairy products contaminated with high-load microbial quality indicators of aerobic plate and total coliform were related to the prevalence of foodborne pathogens and distributions in the regions. The pooled prevalence of unacceptable levels of aerobic plate count and total coliform count coliform loads indicated that half the tested samples were contaminated with potential foodborne pathogens, which were prioritized by the WHO in the global burden of foodborne disease (Havelaar et al., 2015).

The study also confirms positive associations between microbial load and foodborne pathogens distribution in the regions and dairy value chain. High microbial load and prevalence of foodborne pathogens are mainly found in the Oromia region, followed by the SNNP region. This might be related to milk potential; the Oromia region covers nearly 52% of the country’s milk production (Bereda et al., 2017; CSA, 2019), but also it is geographically located in the central highlands of the country. The study areas are characterized by the conducive climate factors for bacterial growth, optimum temperature, and bimodal rainfall which support the growth of bacteria and promote bacterial proliferation (Alemayehu and Bewket, 2017; Matewos and Tefera, 2019; Brhane et al., 2022; Budusa et al., 2023; Yona et al., 2024).

Dairy product marketing practices are mainly related to urbanization and urban consumers and Oromia and SNNP regions are connected to market outlets (Kenea Amentae et al., 2015; Minten et al., 2020; D’Haene and D’Haese, 2020; Zeleke et al., 2020). High marketing practices can be indicative of high consumer demand for the products, however, practice can give low attention to handling practices, cold chains, and adulteration practices of the food commodity. The distribution of microbial quality indicators and foodborne pathogens is concentrated in the central highlands of the country within 100 kilometers radius from Addis Ababa city to surrounding areas, including the Rift Valley areas, Hawassa and surrounding towns, which need the dairy safety interventions. This finding supports the work recently initiated by the Oromia Regional State on dairy product quality regulations and marketing systems. Poor hygienic dairy farming practices, absence of clean water resources, and low awareness of dairy safety and quality (Bereda et al., 2017; Yetera et al., 2018; Ndambi et al., 2018; Deddefo et al., 2023; Lijalem et al., 2015).

Although the current study did not collect the temperature and humidity data of the study areas, the result may be explained by the fact that the areas are characterized by the conducive climate factors for bacterial growth and the central part of the Ethiopia, which represented current Oromia region, had an optimum temperature and bimodal rainfall which is support growth temperature and promote bacterial proliferation, (Alemayehu and Bewket, 2017; Matewos and Tefera, 2019; Brhane et al., 2022; Budusa et al., 2023; Yona et al., 2024).

Further study is required to establish the relationship between each of the pathogens and environmental factors of the distribution areas. The results of the study indicate that the raw milk and pasteurized milk collected from milk collectors and pasteurizers significantly contributed to contamination levels, which could be related to unhygienic milk collection practices, lack of testing methods, storage, and transportation practices (Mpatswenumugabo et al., 2019; Andrew et al., 2021), and half of the pasteurized samples were contaminated, which may be due to a lack of adequate milk pasteurization temperature and time, the efficacy of the pasteurizers machine, or post-pasteurization contaminations and poor handling and storage practices (Martin et al., 2018; Fusco et al., 2020; Rosario et al., 2021; Calahorrano-moreno et al., 2022).



6 Conclusion

The following conclusion can be drawn from the present study: consuming raw milk, pasteurized milk, and cottage cheese pose health risks. The central highlands and southern regions are identified as the intervention areas, and understanding the bacteria distributions extends our knowledge of bacteria and environment interactions.

The microbial quality and safety of dairy products are substandard and unsafe for human consumption. Microbial quality standards used by the country should be in place for evaluation and monitoring purposes. Despite its explanatory nature, this study offers some key insight into the importance of food traceability to address the threats across the food value chain and critical intervention areas for future works. The current research was not specifically designed to evaluate factors related to each pathogen isolated from dairy products, and we recommend that further studies might be required to explore complex interactions between pathogens and environments as well as with dairy value chain actors in deep practices.
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