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ABSTRACT
Processed milk is widely consumed in Nigeria for its nutritional value but remains susceptible to microbial contamination during production, transportation, storage, and retailing. This study evaluated the bacterial and fungal load of different brands of processed milk sold in Ilorin metropolis to assess their microbiological safety. Two samples labelled as aerobic (Sample A) and anaerobic (Sample B) were analyzed using standard culture techniques, Gram staining, and biochemical tests. Results revealed the presence of Staphylococcus aureus, Streptococcus spp., Escherichia coli, and Bacillus spp., indicating contamination and potential health risks. The detection of E. coli suggests fecal contamination, while Bacillus spp. indicates survival through processing. These findings highlight lapses in hygiene and storage practices and underscore the need for regular microbial monitoring, improved handling, and better vendor practices to ensure dairy safety in Ilorin.
i

CHAPTER ONE
[bookmark: _Toc202848551]1.0 INTRODUCTION 
Processed milk is a widely consumed food product across Nigeria due to its high nutritional value, including proteins, vitamins, calcium, and essential fats. It is either packaged in powdered or liquid form or subjected to various levels of processing such as pasteurization, sterilization, or drying. Despite these processing techniques, processed milk can still harbor microbial contaminants, particularly when exposed to unsanitary environments. Contamination may occur during production, transportation, packaging, or at the point of sale, especially in open markets. Bacteria and fungi are common contaminants of processed milk and can compromise product safety and shelf-life. These microbes can cause spoilage, curdling, and discoloration, leading to economic losses. More importantly, the ingestion of contaminated milk may result in foodborne illnesses, especially in immunocompromised individuals. Hence, assessing the bacterial and fungal load of milk brands sold in Ilorin metropolis is crucial for food safety surveillance (Yakubu et al., 2021).
Bacterial load refers to the number of bacteria present in a given quantity of a substance and is usually expressed as colony-forming units per milliliter (cfu/mL) or per gram (cfu/g). In processed milk, common bacterial contaminants include Escherichia coli, Staphylococcus aureus, Salmonella spp., and Bacillus spp., which are either introduced during improper handling or survive pasteurization due to inadequate processing. The presence of high bacterial counts indicates poor microbial quality and non-compliance with food safety standards. In a study by Akinyele and Fagbemi (2020), powdered milk samples sold in Nigerian open markets contained Bacillus cereus and other Gram-positive spore formers, suggesting post-processing contamination. These bacteria can produce toxins that are harmful if ingested. Therefore, the microbial load is a key indicator of hygienic handling and storage practices (Lateefat, 2021).
Fungi load, on the other hand, refers to the number of fungal organisms such as yeasts and molds present in milk. Fungi are particularly important spoilage organisms in milk, and their growth is enhanced by warm temperatures and high humidity. Common fungi found in milk include Aspergillus, Penicillium, and Candida species. These organisms are capable of producing off-flavors, mycotoxins, and discoloration, which affect the sensory and safety qualities of the milk. According to Ojo et al. (2021), fungal contamination in powdered milk brands sold in Nigerian markets was more prevalent in products stored under open, unrefrigerated conditions. The presence of fungi not only shortens the shelf-life of milk but also presents health risks if toxic metabolites are produced. Regular monitoring of fungal load helps to ensure consumer safety and compliance with food regulations (Kpekurah, 2023).
Processed milk sold in Ilorin metropolis comes from a variety of sources, including supermarkets, retail shops, and open markets. While supermarkets may maintain better storage conditions, retail vendors and open markets are often characterized by poor hygienic practices. Inadequate refrigeration, exposure to dust, and handling by multiple individuals can all increase the risk of microbial contamination. Ilorin, being a rapidly growing urban center in Nigeria, presents a wide range of food safety challenges, particularly in informal food vending settings. According to Iwu et al. (2020), food products exposed to ambient conditions in Nigerian cities often exceed recommended microbial limits. Therefore, assessing the microbial load of processed milk across different retail environments within Ilorin provides insight into consumer risk levels and vendor compliance.
The brands of processed milk sampled in such a study typically include popular Nigerian and imported products processed milk. These products are either locally manufactured or imported in powdered or liquid form and then re-packaged for sale. The packaging material, handling process, and storage conditions vary significantly across brands and retail locations. Some vendors may expose milk sachets to sunlight or store them alongside perishable goods, which can affect microbial growth. As reported by Ayeni et al. (2022), packaging integrity plays a major role in microbial contamination of dairy products. Breached or loosely sealed packages are particularly vulnerable to both bacterial and fungal invasion, especially in tropical environments like Ilorin (Adie et al., 2022).
The methods for determining bacterial and fungal load include serial dilution, pour plate, and spread plate techniques, using appropriate culture media such as Nutrient Agar for bacteria and Sabouraud Dextrose Agar for fungi. After incubation under appropriate conditions, colonies are counted and identified using Gram staining and biochemical or morphological tests. These methods allow for quantification and identification of potential pathogens or spoilage organisms. For example, Staphylococcus aureus can be detected by its golden-yellow colonies and positive catalase and coagulase tests, while Aspergillus shows distinctive fuzzy, black or green colonies. A study by Okonkwo et al. (2021) utilized these methods to assess microbial contamination in processed food items and recommended routine monitoring by regulatory agencies.
The presence of high microbial loads in processed milk poses health hazards to consumers, particularly children, the elderly, and immunocompromised individuals. E. coli and Salmonella can cause diarrhea and systemic infections, while mycotoxins from fungal growth are linked to liver damage and immunosuppression. Additionally, prolonged exposure to contaminated milk can lead to antimicrobial resistance due to the presence of antibiotic-resistant strains. WHO (2020) emphasized the importance of milk safety monitoring to prevent the spread of zoonotic and foodborne illnesses. Hence, public health institutions must increase awareness, carry out periodic sampling, and enforce safety regulations for milk vendors and producers alike.
The study of bacterial and fungal load in brands of processed milk on sale in Ilorin metropolis is essential for ensuring consumer health and maintaining food quality. Given the increasing urbanization and demand for dairy products, microbial surveillance should be prioritized by food safety authorities. The findings from such a study can inform policy decisions, guide consumer choices, and promote improved handling and storage practices among vendors. Ultimately, understanding microbial load not only protects public health but also contributes to the economic growth of the dairy industry through enhanced product safety and consumer confidence (Raimi et al., 2021).
[bookmark: _Toc202848552]1.1 Literature Review
Milk and milk products are highly nutritious but susceptible to microbial contamination due to their rich nutrient composition. Studies have shown that processed milk, despite undergoing pasteurization or sterilization, may still harbor microorganisms introduced during post-processing handling. According to Akinyele and Fagbemi (2020), processed powdered milk samples sold in Akure, Nigeria, were found to contain viable bacterial species such as Bacillus cereus and Staphylococcus aureus, indicating lapses in storage and handling conditions. Their study emphasized the importance of proper packaging and storage temperatures in limiting microbial proliferation.
Fungal contamination in processed milk is another concern, especially when products are stored under humid or warm conditions. Ojo et al. (2021) reported the presence of fungal genera such as Aspergillus and Penicillium in powdered milk brands sold in local Nigerian markets. Their findings revealed that most fungal contaminants originated from environmental exposure and poor storage infrastructure. These fungi are not only spoilage agents but may also produce harmful mycotoxins, posing serious health risks to consumers. The study highlighted the need for temperature-controlled storage and routine microbial testing of dairy products.
In a broader investigation of dairy product safety, Ayeni et al. (2022) compared microbial loads of packaged milk brands from open markets and supermarkets. They found that brands stored in open markets exhibited significantly higher total viable counts (TVC) than those stored in air-conditioned retail outlets. The authors concluded that while processing reduces initial microbial load, environmental exposure post-processing plays a dominant role in contamination. This emphasizes the need for hygienic retail practices and strict regulation of milk storage across distribution points.
Another study by Okonkwo et al. (2021) assessed the microbiological safety of ready-to-eat dairy products in Enugu, Nigeria. Their work revealed that about 60% of sampled products exceeded acceptable microbial load limits set by international food safety standards. Predominant bacteria isolated included Escherichia coli and Klebsiella spp., both of which are indicators of fecal contamination. The presence of such organisms in processed milk suggests that contamination may occur due to unhygienic water sources, dirty equipment, or handlers’ poor personal hygiene during reconstitution or repackaging.
Globally, the World Health Organization (WHO, 2020) reiterates that milk safety is a critical component of food security, especially in developing countries. The organization emphasizes the need for implementing Hazard Analysis and Critical Control Point (HACCP) systems during milk processing and distribution to ensure microbial safety. It also recommends regular microbial surveillance of dairy products sold in informal markets. This supports findings from local studies that highlight how inadequate regulation and poor vendor practices contribute to unsafe milk consumption in urban areas like Ilorin.
1.2 Statement of Problem
· Despite undergoing pasteurization and packaging, many brands of processed milk sold in Ilorin may still harbor harmful bacteria and fungi due to poor storage, handling, and environmental exposure.
· There is limited current data on the microbiological quality of commercially available processed milk brands in Ilorin metropolis, making it difficult to assess their safety for public consumption.
· Consumers may be unknowingly exposed to foodborne pathogens through contaminated milk products, which can lead to serious health issues, particularly among vulnerable populations such as children and the elderly.
[bookmark: _Toc202848553]1.3 Aim
· To determine and compare the bacterial and fungal load of different brands of processed milk on sale in Ilorin metropolis, in order to assess their microbiological quality and evaluate potential public health risks.
[bookmark: _Toc202848554]1.4 Objectives 
· To determine the total bacterial and fungal load present in different brands of processed milk sold in Ilorin metropolis.
· To isolate and identify the specific bacterial and fungal species present in the milk samples.
· To compare the microbial quality of various processed milk brands based on their storage conditions and retail sources (e.g., open market vs. supermarket).


[bookmark: _Toc202848555]CHAPTER TWO
[bookmark: _Toc202848556]2.0 MATERIALS AND METHODS
[bookmark: _Toc202848557]2.1 Materials Used
The materials used in this study included processed milk samples labeled as aerobic and anaerobic (Sample A and B respectively). The laboratory equipment and consumables used included sterile Petri dishes, wire loop, spirit lamp, candle, ethanol, syringe, paper tape, foil paper, cotton wool, beakers, and conical flasks. Other materials included a blade, distilled water, glass slides, and microscope. Culture media used were Nutrient Agar (NA) and MacConkey Agar (MCA), all obtained from reputable suppliers. All materials and glassware were sterilized prior to use by autoclaving or flaming to ensure aseptic conditions during analysis.
[bookmark: _Toc202848558]2.2 Chemicals and Reagents
All chemicals and reagents used in this study were of analytical grade. The following staining reagents were used for Gram staining:
· Crystal violet (primary stain)
· Iodine solution (mordant)
· Ethanol (decolorizer)
· Safranine (counterstain)
Culture media were prepared as follows:
· Nutrient Agar (NA): 7 g in 250 mL distilled water
· MacConkey Agar (MCA): Prepared according to manufacturer’s specification for selective isolation of Gram-negative enteric bacteria
[bookmark: _Toc202848559]2.3 Sterilization of Glasswares
Glassware were sterilized using hot air oven at a temperature of 160⁰c for 30 minutes. The washed Glassware were drained allowed to dried before being wrapped foil papers, everything was then arranged inside the oven and then subjected to Sterilization. After the Sterilization the oven was left to cool down for about 30 minutes before the Glasswares were taken out. Work surfaces were disinfected with 70% ethanol, and a spirit lamp was kept on throughout the procedure to minimize contamination.
[bookmark: _Toc202848560]2.4 Media Preparation
Each culture medium was measured and dissolved in distilled water using a clean glass beaker. The mixture was heated over a flame with continuous stirring using a sterile rod until complete dissolution. Prepared media were sterilized using an autoclave at 121°C for 15 minutes. After cooling to about 45–50°C, the media were aseptically poured into sterile Petri dishes and allowed to solidify. Petri dishes were labeled according to sample and media type.

[bookmark: _Toc202848561]2.5 Sample Collection and Preparation
Two milk types (aerobic and anaerobic) were analyzed and labeled as Sample A and Sample B. Equal volumes of each sample were drawn aseptically using sterile syringes. For plating, samples were serially diluted using sterile distilled water to ensure accurate colony count and uniform microbial distribution.

[bookmark: _Toc202848562]2.6 Inoculation Methods
Three microbiological methods were used in this study:
· Spread Plate Method: 0.1 mL of each diluted sample was spread evenly on the surface of prepared NA and MCA plates using a sterile bent glass rod.
· Pour Plate Method: 1 mL of diluted sample was transferred into sterile Petri dishes before pouring melted agar (cooled to ~45°C) over the sample. The plates were swirled gently to mix and allowed to solidify.
· Streak Plate Method: A loopful of each sample was streaked across the agar surface using a sterile inoculating loop, flame sterilized between streaks to isolate colonies.
All inoculated plates were incubated at 37°C for 24–48 hours under aerobic conditions. Anaerobic conditions were achieved using sealed jars with candles to consume available oxygen.
[bookmark: _Toc202848563]2.7 Smear Preparation and Staining
Smears were prepared on clean, grease-free slides by placing a drop of sterile distilled water and mixing with a colony from the plate using a sterilized wire loop. The smears were air-dried and heat-fixed by passing them briefly through a flame. The Gram staining technique was then performed as follows:
1. Stain the smear with crystal violet for 1 minute and rinse with water.
2. Apply iodine solution for 30 seconds and rinse.
3. Decolorize with ethanol for 10 seconds and rinse immediately.
4. Counterstain with safranine for 1 minute and rinse.
5. Air-dry the slides and observe under the microscope using ×10 and oil immersion lens (×100) for bacterial morphology and Gram reaction.
[bookmark: _Toc202848564]2.8 Microscopic Observation and Interpretation
Under the microscope, the stained smears were examined to identify bacterial morphology (e.g., cocci or bacilli) and Gram reaction (positive or negative). Results were interpreted based on color and shape: purple cells were Gram-positive, while pink cells were Gram-negative. The microbial load and characteristics of each milk sample (aerobic and anaerobic) were recorded and compared based on colony type, count, and staining features on NA and MCA plates.
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[bookmark: _Toc202848566]3.0 RESULT
[bookmark: _Toc202848567]3.1 Microscopic Observation
Table 3.1 Microscopic Observation
	Sample 
	Observation 
	Inference

	A
	Gram +ve long rod
	Bacilli spp.

	
	Gram +ve cocci cluster 
	Staphylococcus spp. 

	
	Gram –ve short rod
	E.coli

	B
	Gram +ve cocci cluster
	Staphylococcus spp.

	
	Gram –ve short rod
	E. coli

	
	Gram +ve cocci chain 
	Staphylococcus spp





[bookmark: _Toc202848568]3.2 Organism isolated with confirmatory test
[bookmark: _Toc202848006][bookmark: _Toc202848569]Table 3.2: Organism isolated with confirmatory test
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	[bookmark: _Toc202848022][bookmark: _Toc202848585]_
	[bookmark: _Toc202848023][bookmark: _Toc202848586]+α
β
N



	[bookmark: _Toc202848024][bookmark: _Toc202848587]_

	[bookmark: _Toc202848025][bookmark: _Toc202848588]Streptococcus spp
	[bookmark: _Toc202848026][bookmark: _Toc202848589]+
	[bookmark: _Toc202848027][bookmark: _Toc202848590]_
	[bookmark: _Toc202848028][bookmark: _Toc202848591]_
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	[bookmark: _Toc202848035][bookmark: _Toc202848598]E. coli
	[bookmark: _Toc202848036][bookmark: _Toc202848599]_
	[bookmark: _Toc202848037][bookmark: _Toc202848600]_
	[bookmark: _Toc202848038][bookmark: _Toc202848601]_
	[bookmark: _Toc202848039][bookmark: _Toc202848602]+
	[bookmark: _Toc202848040][bookmark: _Toc202848603]+
	[bookmark: _Toc202848041][bookmark: _Toc202848604]_
	[bookmark: _Toc202848042][bookmark: _Toc202848605]_
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	[bookmark: _Toc202848044][bookmark: _Toc202848607]_

	[bookmark: _Toc202848045][bookmark: _Toc202848608]Bacilli spp
	[bookmark: _Toc202848046][bookmark: _Toc202848609]+
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[bookmark: _Toc202848055][bookmark: _Toc202848618]Key
[bookmark: _Toc202848056][bookmark: _Toc202848619]α = Alpha haemolysis on blood agar
[bookmark: _Toc202848057][bookmark: _Toc202848620]β = Beta haemolysis on blood agar
[bookmark: _Toc202848058][bookmark: _Toc202848621]N = Non-haemolysis on blood agar
[bookmark: _Toc202848059][bookmark: _Toc202848622]+ = Positive reaction
· [bookmark: _Toc202848060][bookmark: _Toc202848623]= Negative reaction
[bookmark: _Toc202848624]CHAPTER FOUR
[bookmark: _Toc202848625]4.0 DISCUSSION AND CONCLUSION
[bookmark: _Toc202848626]4.1 Discussion 
The microscopic and biochemical analysis of the processed milk samples revealed the presence of multiple bacterial species, including Staphylococcus aureus, Streptococcus spp., Escherichia coli, and Bacillus spp., indicating a mixed microbial population with both Gram-positive and Gram-negative organisms. Sample A showed Gram-positive long rods and cocci in clusters, along with Gram-negative short rods, indicating the presence of Bacillus spp., Staphylococcus spp., and E. coli, respectively. Sample B also presented Gram-positive cocci in clusters and chains, and Gram-negative short rods, confirming the presence of the same bacterial species across both samples.
The confirmatory biochemical tests reinforced the initial observations. Staphylococcus aureus was catalase and coagulase positive, which is characteristic of this pathogenic species. Its β-haemolysis on blood agar also indicates its potential to cause foodborne illnesses through toxin production and tissue damage, as supported by Ojo et al. (2021), who reported similar isolates from local milk products in Nigeria. Streptococcus spp., identified as catalase and coagulase negative but alpha-haemolytic on blood agar, further confirms the presence of potentially pathogenic organisms capable of causing infections, especially in immunocompromised individuals.
The presence of E. coli a Gram-negative, motile, and lactose-fermenting rod—raises concern over fecal contamination. Its motility and lactose fermentation on differential media, along with the oxidase-negative result, align with previous findings by Okonkwo et al. (2021), who found E. coli in a majority of dairy samples in Enugu, linking it to inadequate sanitation and contaminated water sources used during milk processing. The detection of E. coli across both samples emphasizes lapses in hygienic handling and possible exposure to fecal materials.
Bacillus spp., identified through Gram-positive rod morphology, catalase positivity, and motility, likely represent spore-forming species capable of surviving pasteurization processes. Their ability to form endospores and display beta-haemolytic activity suggests a threat to product shelf life and consumer safety. This agrees with the findings of Akinyele and Fagbemi (2020), who also identified Bacillus spp. in powdered milk due to packaging and post-processing contamination.
The co-isolation of these organisms reflects the complexity of milk spoilage and contamination routes. The presence of both cocci in chains and clusters, as seen in Streptococcus and Staphylococcus spp., along with short rods like E. coli, confirms the potential for polymicrobial contamination, possibly due to improper handling, poor cold chain maintenance, or compromised packaging. Iwu et al. (2020) also noted that absence of cold storage significantly contributes to microbial proliferation in dairy products sold in open markets.
Overall, the microbial diversity observed in this study, particularly in processed milk which is expected to be relatively sterile, reveals a significant public health concern. Inadequate hygiene during milk processing or post-processing contamination may contribute to this microbial burden. This echoes Ayeni et al. (2022) who observed irregular microbial patterns in poorly stored sachet milk, with consequences for consumer safety and product stability. 
[bookmark: _Toc202848627]4.2 Conclusion
This study has confirmed the presence of pathogenic and spoilage bacteria such as Staphylococcus aureus, Streptococcus spp., E. coli, and Bacillus spp. in brands of processed milk sold within Ilorin metropolis. These organisms were detected using both microscopic and biochemical analyses, highlighting contamination by both Gram-positive and Gram-negative bacteria. The findings indicate lapses in sanitary practices, storage, and processing, which could compromise the safety and shelf life of processed milk. Strict hygienic measures, regular microbial screening, and better quality control at both production and retail levels are essential to ensure safe milk consumption and protect public health.
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