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[bookmark: _Toc205205512]1.0    INTRODUCTION
Bacteria are single-celled prokaryotic organisms that play a diverse range of roles in ecosystems, ranging from beneficial to pathogenic. While many bacterial species are harmless or even essential for example, those involved in nitrogen fixation, digestion, or fermentation others are significant agents of disease. Pathogenic bacteria have developed various mechanisms for survival and host invasion, including the production of virulence factors such as toxins, adhesins, and biofilms (Madigan et al., 2021). Their ability to persist in different environments, including food matrices, poses major challenges to food safety and public health which has made foodborne illnesses a major global health concern, with over 600 million cases and 420,000 deaths reported annually according to the World Health Organization (WHO, 2022). Among the prominent bacterial agents responsible for these illnesses is Staphylococcus aureus, a Gram-positive, facultative anaerobic bacterium commonly found on the skin and mucous membranes of humans and animals. The organism's presence in food, particularly dairy products, is often a result of poor hygiene during milking, processing, or storage, especially in informal food markets where sanitary controls are weak or absent. Increase in public health risk of S. aureus is not merely its presence in food, but its capacity to produce a range of heat-stable enterotoxins. Among these, Staphylococcal Enterotoxin A (SEA) is the most commonly implicated in staphylococcal food poisoning outbreaks globally. SEA is a potent superantigen that bypasses normal antigen presentation and induces a massive activation of T lymphocytes, leading to the release of proinflammatory cytokines. This immunopathological response manifests as vomiting, diarrhea, abdominal pain, and nausea, often occurring rapidly within 1 to 6 hours of ingestion (Asaoka et al., 2023; Hennekinne et al., 2021). SEA’s resistance to heat, low pH, and digestive enzymes allows it to remain active in food products even after cooking or pasteurization, posing a significant threat in processed and unprocessed food chains. In low- and middle-income countries, particularly in Nigeria, the problem is aggravated by the widespread consumption of unpasteurized milk sold in open markets. Several studies have reported the frequent isolation of S. aureus from raw milk and related dairy products in these settings. Studies has found contamination in more than 60% of raw milk samples in Lagos, attributing this to poor hygiene among milk handlers and the absence of microbial quality controls (Obadina et al., 2022). Similarly, raw milk obtained from nomadic pastoralists in Nigeria often lacks any form of heat treatment, making it a likely vector for foodborne intoxication (Okpala et al., 2023). Despite this known prevalence, most studies in Nigeria and similar settings have focused only on isolating the organism and not on evaluating the toxigenic potency or biological effects of SEA. While molecular techniques such as PCR may confirm the presence of the sea gene, they do not indicate whether the toxin is actively produced or biologically functional under natural conditions. This creates a significant knowledge gap in understanding the true health risks posed by SEA-contaminated foods, particularly in the absence of robust toxin detection or in vivo confirmation. Addressing this gap is essential for improving food safety, especially where formal regulatory systems are weak. Evaluating the actual impact of SEA using biological models provides practical insights into its public health implications, beyond what laboratory detection methods can show. This approach is increasingly recognized as necessary to complement molecular screening with functional assessments, ensuring that the presence of the organism correlates with meaningful health outcomes.
[bookmark: _Toc205205513]1.2 Literature review
The occurrence of Staphylococcus aureus in food products, particularly dairy, has been well documented across various regions and market systems. Numerous researchers have investigated its prevalence in raw milk, especially in unregulated food sectors where hygiene protocols are often minimal. Obadina et al. (2022) in analyzed 150 raw milk samples from Lagos markets and found that over 60% were contaminated with S. aureus, primarily due to unhygienic milking practices and contaminated storage containers. Also, Okpala et al. (2023) reported the frequent detection of S. aureus in unpasteurized milk obtained from nomadic pastoralist settlements in Nigeria, attributing the contamination to poor animal hygiene and the use of untreated containers during milk handling. In broader regional work, Mekonnen et al. (2022) examined dairy samples across Ethiopia, Ghana, and Nigeria, reporting S. aureus contamination rates ranging from 40% to 75%. The study emphasized a strong link between contamination levels and lack of refrigeration, especially in informal markets. These findings were supported by Argudín et al. (2022), who reviewed surveillance data from 14 countries and confirmed that S. aureus is among the most commonly isolated pathogens in raw milk and dairy products. They highlighted that contamination often arises from asymptomatic human carriers, particularly through direct contact or respiratory secretions during handling.
While these studies highlight the presence and persistence of S. aureus in dairy products, they often stop at microbial identification, leaving a major gap in evaluating the organism’s toxigenic potential. Specifically, there remains limited research into whether isolated strains produce active enterotoxins such as Staphylococcal Enterotoxin A (SEA), which is most frequently implicated in foodborne outbreaks. A study by Hennekinne et al. (2021) observed that SEA is highly heat-stable and retains biological activity even after exposure to cooking temperatures and gastric enzymes. They demonstrated that toxin concentrations as low as 20–100 ng are sufficient to cause acute symptoms such as vomiting, abdominal cramps, and diarrhea within 1 to 6 hours of ingestion. However, their study, like many others, relied on laboratory detection of the toxin rather than assessing its physiological effect in vivo. Asaoka et al. (2023) further expanded on the mechanism of action of SEA, classifying it as a superantigen due to its ability to non-specifically activate T-cells by binding simultaneously to MHC class II molecules and T-cell receptor Vβ regions. This interaction triggers an exaggerated immune response and cytokine storm, leading to symptoms typical of staphylococcal food poisoning. Toth et al. (2023) confirmed this mechanism and warned that in immunocompromised individuals, SEA exposure can lead to systemic inflammatory conditions beyond gastrointestinal distress. However, like prior works, their findings were primarily based on in vitro analysis, which does not fully replicate the toxin's effect in a living organism.
In terms of detection techniques, several methodologies have been employed to identify S. aureus and SEA in food. Classical microbiological techniques, such as culturing on Mannitol Salt Agar (MSA) or Baird-Parker agar, remain widely used in developing countries due to their affordability. Kadariya et al. (2021) confirmed the reliability of MSA in differentiating mannitol-fermenting S. aureus colonies, while Hennekinne et al. (2021) stressed the importance of confirmatory tests like catalase and coagulase, the latter being particularly important since most toxigenic strains are coagulase-positive. However, these methods are limited in that they cannot confirm whether isolated bacteria are capable of toxin production. Fetsch and Johler (2018) noted that these methods often lead to false positives due to morphological similarities with other Staphylococcus species and are time-consuming requiring up to 72 hours for confirmation.
To overcome this, molecular methods like polymerase chain reaction (PCR) have gained prominence. Jørgensen et al. (2022) reported that PCR can detect SEA-encoding genes (sea) directly from DNA extracts, enabling rapid screening of dairy isolates. Obasohan et al. (2023) utilized multiplex PCR to detect multiple enterotoxin genes in S. aureus strains from Nigerian dairy markets, finding that 41% carried the sea gene. Similarly, Becker et al. (2020) reported widespread presence of SEA genes in isolates from cheese and meat across Europe. However, PCR has its own limitations it can confirm gene presence but not whether the gene is actively expressed under field conditions. Tang et al. (2021) emphasized that gene expression is affected by environmental variables, meaning not all SEA-positive strains necessarily produce the toxin.
To confirm active toxin production, immunological methods like enzyme-linked immunosorbent assay (ELISA) have become the gold standard. ELISA detects and quantifies SEA protein concentrations as low as 0.1 ng/mL (Hennekinne et al., 2021), offering critical value in processed foods where the bacterium may no longer be viable. Tang et al. (2021) demonstrated ELISA’s reliability in outbreak investigations, though Bai et al. (2019) acknowledged that the technique requires advanced equipment, skilled personnel, and reliable power supply factors not readily available in many rural laboratories. In response, newer innovations such as portable ELISA devices and smartphone-assisted readers are being piloted (Lin et al., 2021), though their adoption remains limited. As a more field-friendly option, Lateral Flow Immunoassays (LFIA) have shown promise. Lin et al. (2021) and Azinheiro et al. (2023) demonstrated that commercial LFIA kits can detect SEA concentrations as low as 1–5 ng/mL and offer results within 30 minutes. These rapid tests are particularly useful for screening in informal markets. However, they are largely qualitative and may yield false negatives at low toxin levels. Salgado-Pabón et al. (2020) concluded that LFIA should serve as a preliminary tool, with confirmatory analysis by ELISA or PCR. Despite the variety of laboratory-based tools available, most studies do not assess the actual physiological impact of SEA on living organisms, which is critical for estimating real-world food poisoning risk. In this context, in vivo animal models, particularly rodent bioassays, are increasingly recognized as essential tools. Lin et al. (2021) reported that oral administration of SEA to rats produced symptoms such as diarrhea, vomiting, dehydration, and weight loss within hours, closely mimicking human responses. Toth et al. (2023) found that these symptoms intensified with increased toxin dosage, supporting a clear dose-response relationship. Furthermore, Fujikawa et al. (2021) confirmed SEA’s resistance to heat by feeding pasteurized milk spiked with SEA to rats and observing significant gastrointestinal distress, reinforcing the danger posed by SEA even in heat-treated products. Ethical considerations remain important in such studies. The OECD (2021) and Sharma et al. (2022) recommend the use of analgesics, minimal animal numbers, and humane endpoints. Despite limitations in extrapolating animal data to humans, Balaban and Rasooly (2019) concluded that rodent models offer invaluable insights when interpreted alongside epidemiological data.
Researches have thoroughly established the presence of S. aureus in dairy products and explored molecular and immunological detection techniques. However, few have directly measured the biological potency of SEA through in vivo methods, particularly within the context of informal food markets in Nigeria. This represents a significant gap in food safety research. Therefore, the present study aims to build on this existing body of work by combining microbial detection with an in vivo rat bioassay to evaluate the health risks associated with SEA-contaminated raw milk offering new insights that can inform public health policies and intervention strategies.


[bookmark: _Toc205205514]1.2 STATEMENT OF THE PROBLEM 
· Despite being a major cause of foodborne illness, Staphylococcus aureus remains under-investigated in terms of its enterotoxin potency, particularly Staphylococcal Enterotoxin A (SEA), the most common toxin linked to outbreaks.
· In Nigeria, raw milk is frequently consumed from informal markets, where hygiene and microbial safety are often compromised. While several studies report the presence of S. aureus in these products, few assess whether these strains produce active toxins or the health risks they pose.
· Current detection methods mainly focus on identifying the organism or its genes, leaving a gap in understanding the real physiological impact of SEA in contaminated foods.
[bookmark: _Toc205205515]1.3 JUSTIFICATION OF THE STUDY 
· While Staphylococcus aureus is frequently detected in raw milk, few studies in Nigeria assess the actual toxicity of its enterotoxins, especially Staphylococcal Enterotoxin A (SEA).
· This study fills that gap by evaluating SEA’s potency using an in vivo rat model, offering insight into real health risks posed by contaminated milk.
· The study's findings will inform public health strategies, improve food safety standards, and contribute to better consumer protection.
[bookmark: _Toc205205516]1.4 Aim
This study aims to evaluate the potency of SEA, assessing its toxic effects and implications on human health.
Objectives
1. To isolate and identify Staphylococcus aureus from contaminated dairy products using selective media and biochemical tests.
2. To determine whether the isolated S. aureus produces SEA by extracting and detecting the toxin from bacterial cultures.
3. To test the toxicity of SEA on rats by administering the extracted toxin and observing symptoms of food poisoning.






[bookmark: _Toc205205517]CHAPTER TWO
[bookmark: _Toc205205518] 2.0 MATERIALS AND METHOD 
 Materials
Contaminated diary product (milk), sterilized containers, cotton wool, aluminum foil paper, wire loop, spirit lamp, matches, stirring rod, 70% dilute ethanol, saline solution, petri dishes, distilled water, nose mask, gloves, autoclaves, incubator , glass slide, Gram staining reagents, catalase test reagent,(hydrogen peroxide 3%), centrifuge, wistar rats, oral feeding syringe, digital weighing scale, microscope and spatula.
[bookmark: _Toc205205519]2.1 Sterilization of Equipment and Environment
The working surface area was sterilized with cotton wool soaked in 70% ethanol and all the glass wear such as conical flask, beaker, and test tubes, were also sterilized by first washing and cleaning with 70% ethanol, then autoclaved.
2.2 Sample Collection
Fresh raw milk sample was obtain within Ara village, a region known for informal milk distribution practices and limited hygiene control. The milk was transferred into a sterile containers under refrigerated condition (40c) to preserve microbial viability.
[bookmark: _Toc205205520] 2.3 Media Preparation for Fungal Isolation 
I. Manitol salt agar (MSA) preparation
According to manufacturer’s instruction one hundred and eleven (111) gram of manitol salt agar was weighed and dispensed in a conical flask then 1000ml of distilled was added and gently stirred using a stirring rod. The mixture was heated to allow total dissolution.  It was then corked with cotton wool and aluminum foil and was sterilized in an autoclave at 121°C for 15 minutes to ensure sterility. After sterilization, the medium was allowed to cool and transferred into a sterile petri dishes to solidified.
II. Preparation of nutrient broth agar (NA)
According to manufacturer’s instruction 13 g of nutrient broth was weighed and dissolved in 1000 ml of distilled water and was thoroughly stirred using stirring rod for total dissolution. It was then corked with cotton wool and aluminum foil and autoclaved at 1210c for 15minutes to ensure sterility. After sterilization, the medium was allowed to cool (Mishra et al., 2022)
[bookmark: _Toc205205521]2.3.1 Sample Preparation and culturing
The milk sample was diluted (1:10) in distilled water. A loopful of diluted sample was streaked on petri dishes containing prepared medium (MSA), each plates were incubated at 370c for 24 and 48 hour (Mishra et al., 2022)
[bookmark: _Toc205205522]2.3.2 Morphological Characteristics of Isolates
The isolated organism showing distinctive morphological features characteristic of Staphylococcus aureus, both in culture and under microscopic examination. The colonial morphology of the isolate was described as the appear on the solid media, the colonial morphology includes: colony shape, size, colour, texture, elevation and nature. The organism were also tested for their gram reaction and biochemical test.
I. Gram stain 
A smear of staphylococcus aureus was prepared on a clean glass slide, the smear was heat fixed and flood with crystal violet and was allowed to stand for 60 seconds. The slide was gently tilt and rinsed with distilled water and then Gram iodine was added allowed to stand for 30 seconds, the slide was gently tilt and rinsed with distilled water. The smear was decolorized using 95% ethanol drop by drop for 5 to 10 seconds. The smear was finally flooded again with safranin to counterstain and was allowed to stand for 60 seconds the slide was gently tilt again and rinsed with distilled water and allowed to air dry. Then observed using light microscope under 100x oil immersion. Cell stained purple giving a positive result (Willey et al., 2022).

II. Catalase test
Catalase is an iron containing enzyme which catalyses the decomposition of hydrogen peroxide (H202) to water and oxygen. It is used to detect the presence of catalase enzyme in a given isolate. A thin smear was prepared on a sterile slide and a drop of 3% hydrogen peroxide was added to the smear prepared. Effervescence occurred indicating catalase activity i.e positive (Singh et al., 2021).
[bookmark: _Toc205205523]2.4 Toxin production and Extraction 
The grown colonies (I.e staphylococcus aureus ) was inoculated into an agar flask containing 125ml of the  prepared medium (NB) .The flask was placed on a mechanical shaker and agitated continuously for 3 days to enhance toxin production. After 3 days of shaking, The liquid was poured into six (6) test tubes fill till ¾ of each tube, the tubes was then subjected to centrifugation and spin at 10,000rpm for 10–15 minutes. After spinning, a clear liquid on top which is the (supernatant) was carefully pour into another clean test tubes and the solid layer at the bottom which is the fungal biomass was discarded (Samuel et al., 2021).
[bookmark: _Toc205205524]2.4.2 Preparation of various toxin Concentrations 
The crude toxin filtrate, regarded as the 100% concentration, was diluted using sterile distilled water to obtain lower concentrations of the toxin. Each concentration was prepared and label into a sterile test tube as follows:
100% concentration: 5 mL of undiluted crude toxin, 80% concentration: 4 mL of crude toxin mixed with 1 mL of sterile distilled water, 60% concentration: 3 mL of crude toxin mixed with 2 mL of sterile distilled water and 50% concentration: 2.5 mL of crude toxin mixed with 2.5 mL of sterile distilled water. All mixtures were thoroughly homogenized and stored in labeled test tubes for experimental use.
[bookmark: _Toc205205525]2.5 Experimental Animals  Grouping
Four healthy albino rats of the same age with different body mass were selected for the study. The rats were housed in a clean, well-ventilated cage and allowed a 3-day adaptation period with unrestricted access to feed and clean drinking water.  The rats were grouped based on the concentration of toxins to be administered. Each rat was marked with a distinct colour as follows:
Green – 100% concentration
Red – 80% concentration
Black – 60% concentration
Blue – 50% concentrations
The color marking was maintained throughout the experiment for accurate tracking and observation.

[bookmark: _Toc205205526]CHAPTER THREE
3.0 RESULTS 
[bookmark: _Toc205205527]3.1 Morphological and Biochemical Identification
[bookmark: _Toc205205528]Table 1
[bookmark: _Toc205205529]Macroscopic and microscopic characteristics of bacteria isolate
	Characteristics 
	Observation
	Inference

	Colony Colour on (MSA)
Colony size
Colony shape
Colony texture

Gram stain 

Catalase test
	Golden yellow
2-3mm diameter
circular
smooth, moist

positive (purple cocci in clusters)
positive (immediate bubbling)
	Pigmentation of S. aureus
Consistent with S.aureus
Typical for S. aureus
Characteristics of S. aureus colonies
Typical Staphylococci morphology
Confirms genus Staphylococcus



[bookmark: _Toc205205530]Figure 1: Microscopic Characteristics of Isolate
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[bookmark: _Toc205205531]3.2 Clinical Observation During Toxin Administration
[bookmark: _Toc205205532]Table 2: 
[bookmark: _Toc205205533] Observation for day one During Toxin Administration 
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Green 
Red
Black
Blue
	Normal
Normal
Normal
Normal
	Active
Active
Active
Active
	Normal
Normal
Normal
Normal
	Normal
Normal
Normal
Normal


KEY:
Green = 100%    Red = 80%
Black = 60%       Blue = 50%

[bookmark: _Toc205205534]Table 3:
[bookmark: _Toc205205535]Observation day two During Toxin Administration 
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Green 
Red
Black
Blue
	Normal
Normal
Normal
Normal
	Active
Active
Active
Active
	Normal
Normal
Normal
Normal
	Normal
Normal
Normal
Normal


KEY:
Green = 100%    Red = 80%
Black = 60%       Blue = 50%
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[bookmark: _Toc205205537]Observation day three During Toxin Administration
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Green 
Red
Black
Blue
	Normal
Normal
Normal
Normal
	Active
Active
Active
Active
	Normal
Normal
Normal
Normal
	Normal
Normal
Normal
Normal


KEY:
Green = 100%    Red = 80%
Black = 60%       Blue = 50%

[bookmark: _Toc205205538]Table 5: 
[bookmark: _Toc205205539]Observation day four During Toxin Administration
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Green 
Red
Black
Blue
	Sign of diahrrea
Normal
Normal
Normal
	In active
In active
Active
Active
	Normal
Normal
Normal
Normal
	Not eating
Not eating
Normal
Normal


KEY:
Green = 100%    Red = 80%
Black = 60%       Blue = 50%
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[bookmark: _Toc205205541]Observation day five During Toxin Administration
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Green 
Red
Black
Blue
	Death
Normal
Normal
Normal
	
In active
In active
Active
	
Normal
Normal
Normal
	
Not eating
Less feeding
Normal


KEY:
Green = 100%    Red = 80%
Black = 60%       Blue = 50%

[bookmark: _Toc205205542]Table 7: 
[bookmark: _Toc205205543]Observation day six During Toxin Administration
	Rat ID
	Physical appearance
	Behavior
	locomotion
	Feeding

	Red
Black
Blue
	Normal
Normal
Normal
	In active
In active
In active
	Normal
Normal
Normal
	Not eating
Not feeding
Not feeding


KEY:
Green = 100%
Red = 80%
Black = 60%
Blue = 50%
[bookmark: _Toc205205544]Table 8
[bookmark: _Toc205205545]Weight observed during and after toxin administration
	Rat ID
	Day 1
	Day2
	Day 3
	Day 4
	Day 5
	Day 6

	Green
Red
Black
Blue
	108
105
109
121
	115
108
118
126
	105
113
100
117
	--
109
110
120
	--
112
110
119
	--
114
120
115




[bookmark: _Toc205205546]Figure 2: Showing Total Weight Loss After Toxin Exposure






[bookmark: _Toc205205547]3.3 Post-Mortem Gross Pathological Findings  

[bookmark: _Toc205205548]Table 9: 
[bookmark: _Toc205205549]Organ observed after toxin administration
	Organ observed
	Control rat
	Red rat (80%)
	Black rat (60%)
	Blue rat (50%)

	Heart

Kidney


Intestine

Liver

Inner skin

Lungs
	Normal appearance

Normal firm with smooth surface

 No inflammation

Reddish brown

Normal

Pinkish white
	Inflamed heart

inflammation of the kidney

Thin intestine

Dark in color

Dark in color

Brown
	Inflamed heart

Inflammation of the kidney

Dried intestine

Dark in color

Dark in color

Sign of inflammation
	Inflamed heart

Inflammation of the kidney

Dried intestine

Dark in color

Dark in color

Slightly brown
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[bookmark: _Toc205205551]4.0 Discussion and Conclusion 
[bookmark: _Toc205205552]4.1 Discussion 
This study was conducted to examine the potency of Staphylococcus aureus toxin using laboratory identification methods and in vivo analysis in Wistar rats. The findings support previous research on S. aureus virulence, while providing recent insights into dose-dependent pathological effects in mammalian models.
From table [1] the bacterial isolate displayed characteristics of S. aureus including golden-yellow pigmented colonies on Mannitol Salt Agar (MSA), circular morphology, smooth texture, positive catalase reaction, and Gram-positive cocci arranged in clusters. These traits are consistent with classical microbiological descriptions  and  more recent studies confirming their diagnostic reliability (Nazir et al., 2021). These morphological and biochemical features provided a valid basis for proceeding to toxicity assessments.
Observed from table [3] the toxin administration in rats revealed a dose-dependent pathological response. Rats inoculated with the highest concentration (100%) exhibited the earliest and most severe signs of intoxication. By the fifth day, the rat (Green ID) exposed to the full concentration showed signs of inactiveness, anorexia (not eating), and ultimately death, indicating the lethal potential of the undiluted toxin. These findings align with studies indicating that S. aureus produces a variety of potent exotoxins such as α-hemolysin, Panton-Valentine leukocidin (PVL), and toxic shock syndrome toxin-1 (TSST-1) that cause cytolysis, inflammation, and systemic damage (Lakhundi & Zhang, 2020; Otto, 2022). These toxins act through various mechanisms: α-hemolysin disrupts epithelial cell membranes, PVL destroys leukocytes, and enterotoxins function as superantigens that massively activate T-cells, leading to cytokine storms (Becker et al., 2020). The behavioral and physiological symptoms observed, such as diarrhea and anorexia, are typical clinical manifestations of enterotoxin-mediated pathologies. Rats inoculated with lower concentrations (80%, 60%, and 50%) demonstrated milder symptoms, but still exhibited signs of inflammation, reduced feeding,  particularly from day four onwards. This indicates that even diluted toxin concentrations possess significant pathogenic potential.
Post-mortem examinations in table [4] further supported the toxic effects of S. aureus. Inflammation was consistently observed in vital organs including the heart, kidney, intestine, liver, and lungs. Rats exposed to higher concentrations (Red and Black IDs) showed extensive internal damage, such as inflamed kidneys, dried intestines, and discoloration of the liver and lungs. These observations are supported by Otto (2022) and Ma et al. (2023), who report that S. aureus toxins can breach endothelial barriers and trigger widespread inflammatory responses, leading to multi-organ dysfunction. Also, The rats' body weights fluctuated throughout the six-day exposure, with significant weight loss or stagnation in the high-dose groups. Reduced food intake, along with inactivity, served as early indicators of systemic stress. According to a recent study by Yin et al. (2021), toxin-induced appetite loss and energy imbalance are common early manifestations of systemic bacterial intoxication in rodent models. Conversely, the control rat showed no pathological changes, reinforcing that the observed effects were directly due to the administered toxin. The weight data also indicated stress responses and systemic effects, particularly in the rats exposed to 100% and 80% concentrations, which either lost weight or failed to gain it significantly compared to the initial measurements.
Overall, the results of this study corroborate the high virulence and systemic toxicity of S. aureus toxins which shows the pathogen’s relevance in clinical and food microbiology. It remains a major cause of nosocomial infections, food poisoning, and sepsis (Becker et al., 2020). The results demonstrate how even sub-lethal concentrations of the toxin can cause significant physiological alterations, reinforcing the need for stringent infection control protocols and food safety measures. Emerging evidence suggests that methicillin-resistant S. aureus (MRSA) strains produce even more aggressive toxin profiles (Wu et al., 2023), thus representing a growing public health threat.
[bookmark: _Toc205205553]4.2 Conclusion
This study confirms that Staphylococcus aureus isolated from raw milk possesses significant enterotoxigenic potential, capable of inducing dose-dependent toxic effects in experimental animals. The organism exhibited typical morphological and biochemical traits associated with pathogenic strains, and the in vivo rat model demonstrated that higher concentrations of the toxin extract caused marked clinical symptoms, including diarrhea, lethargy, and significant weight loss. These findings underscore the public health risk posed by the consumption of unregulated and unprocessed dairy products, especially in informal markets where hygiene practices are inadequate. The observed toxic responses at varying concentrations further validate the virulence of the bacterial strains and highlight the need for routine screening of dairy products for S. aureus, particularly in developing countries where milk is often sold unpasteurized. The potential for toxin-mediated food poisoning, even in the absence of viable bacteria, represents a critical concern for food safety and consumer health.
[bookmark: _Toc205205554]4.3 Recommendations
Based on the findings of this research, the following recommendations are proposed
1. Enhanced food hygiene education should be provided to dairy farmers, milk vendors, and consumers particularly those operating in informal markets to reduce contamination during milking, storage, and distribution.
1. Routine microbiological monitoring of dairy products for Staphylococcus aureus should be integrated into national food safety policies, with emphasis on both bacterial presence and toxin production.
1. Pasteurization and cold-chain management should be enforced to minimize bacterial survival and toxin formation in milk and milk-based products before they reach consumers.
1. Public health authorities should increase surveillance and reporting of foodborne illnesses caused by enterotoxigenic S. aureus to better understand the prevalence and improve intervention strategies.
1. Future research should focus on molecular characterization of toxin genes, resistance profiles, and comparative analysis of toxin potency between strains from different sources (e.g., meat, fish, dairy).
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CHAPTER ONE


 


1.0    INTRODUCTION


 


Bacteria are single


-


celled prokaryotic organisms that play 


a


 


diverse range of 


roles in 


ecosystems, ranging from beneficial to pathogenic. While many bacterial species are 


harmless or even essential for example, those involved in nitrogen fixation, 


digestion, or fermentation others are significant agents of disease. Pathogenic 


bacter


ia have developed various mechanisms for survival and host invasion, 


including the production of virulence factors such as toxins, adhesins, and biofilms 


(Madigan et al., 2021). Their ability to persist in different environments, including 


food matrices, p


oses major challenges to food safety and public health


 


which has 


made f


oodborne illnesses a major global health concern, with over 600 million cases 


and 420,000 deaths reported annually according to the World Health Organization 


(WHO, 2022). Among the prom


inent bacterial agents responsible for these illnesses 


is 


Staphylococcus aureus


, a Gram


-


positive, facultative anaerobic bacterium 


commonly found on the skin and mucous membranes of humans and animals. The 


organism's presence in food, particularly dairy pro


ducts, is often a result of poor 


hygiene during milking, processing, or storage, especially in informal food markets 


where sanitary controls are weak or absent.


 


Increase in


 


public health risk of 


S. aureus


 


is not merely its presence in food, but its capacit


y to produce a range of heat


-


stable 
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