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1.0 INTRODUCTION 
Bacteria are unicellular prokaryotic microorganisms characterized by the absence of a membrane-bound nucleus and other organelles, capable of surviving in diverse environments ranging from soil to the human gut (Madigan et al., 2021). They are classified into various groups based on morphology, staining characteristics, oxygen requirements, and genetic makeup. One major classification divides bacteria into Gram-positive and Gram-negative, with Bacillus species falling under Gram-positive, rod-shaped, endospore-forming aerobes or facultative anaerobes (Logan & Vos, 2022). Within this genus, Bacillus cereus is a notable species due to its dual nature as both an environmental saprophyte and an opportunistic pathogen. Widely distributed in soil and food, B. cereus is known for producing enterotoxins and emetic toxins that can cause foodborne illness and systemic infections, especially in immunocompromised individuals (Ceuppens et al., 2019). Its resilience is enhanced by its ability to form spores and secrete bioactive compounds, making it a focus of public health and microbiological research. The capacity of soil-borne B. cereus to produce toxins with potential effects on mammalian systems, including rats, necessitates further investigation into its toxicological profile and ecological behavior.
Bacillus cereus is a spore-forming, Gram-positive, rod-shaped bacterium widely distributed in nature, notably in soil, vegetation, and the intestinal tracts of animals and insects (Gdoura-Ben Amor et al., 2019). It is a member of the Bacillus cereus group, a genetically close cluster of bacteria notable species such as Bacillus anthracis and Bacillus thuringiensis. These organisms, while genetically similar, vary significantly in their ecological niches, pathogenic potential, and toxin production profiles. B. cereus is most commonly known as a foodborne pathogen capable of producing two major forms of gastrointestinal diseases: the emetic (vomiting) type and the diarrheal type. The emetic syndrome is caused by cereulide, a heat-stable, ring-structured depsipeptide that resists proteolytic degradation and gastric acid. The diarrheal syndrome results from enterotoxins such as hemolysin BL (Hbl), non-hemolytic enterotoxin (Nhe), and cytotoxin K (CytK), all of which disrupt cellular integrity and stimulate inflammatory responses in the intestinal epithelium (Buehner et al., 2020). While traditionally classified as a cause of self-limiting food poisoning, B. cereus is now increasingly recognized as an opportunistic pathogen capable of causing systemic infections, especially in immunocompromised individuals, neonates, and intensive care patients. In these contexts, it has been implicated in severe and sometimes fatal conditions such as endophthalmitis, bacteremia, pneumonia, and meningitis (Li et al., 2020). The taxonomic classification of B. cereus has evolved with the advent of molecular tools. Phylogenomic analyses based on conserved housekeeping genes and whole-genome sequencing have elucidated the close evolutionary relationship among B. cereus, B. anthracis, and B. thuringiensis, often complicating their differentiation using traditional biochemical assays (Lund et al., 2020). This genetic closeness has sparked debates in the scientific community about whether these organisms represent distinct species or ecotypes with overlapping genomes and divergent phenotypic traits. Nevertheless, toxin production remains a critical determinant of pathogenic potential. In B. cereus, toxin gene clusters are variably distributed among strains, and their expression is influenced by environmental factors such as temperature, pH, oxygen availability, and nutrient composition (Ehling-Schulz et al., 2019). The enterotoxins are secreted proteins that act through pore formation, enzymatic degradation, and immune modulation, leading to cytotoxicity and inflammation. Cereulide, on the other hand, is synthesized non-ribosomally by a modular peptide synthetase and acts as a potassium ionophore that disrupts mitochondrial membrane potential, leading to hepatotoxicity and mitochondrial dysfunction (Ducrest et al., 2019). The ecology of B. cereus reflects its versatility and adaptability. It survives in a variety of environments due to its ability to form endospores that resist heat, desiccation, radiation, and chemical disinfectants. These spores germinate under favorable conditions, making the organism highly resilient in food processing and storage environments. Moreover, B. cereus is known to form biofilms on surfaces such as stainless steel and plastic, posing significant challenges in healthcare and food industries (Carvalho et al., 2020). Its presence in foods such as rice, pasta, milk, spices, and vegetables makes it a persistent threat to food safety. Several outbreaks of foodborne illness have been linked to the consumption of improperly stored or reheated foods contaminated with B. cereus, especially those with high carbohydrate content that supports rapid bacterial growth and cereulide production (Bartoszewicz et al., 2019). Despite its notoriety in food microbiology, B. cereus has garnered attention in clinical microbiology for its increasing involvement in nosocomial infections. Studies have reported its isolation from catheters, surgical wounds, and respiratory equipment, highlighting its ability to persist in hospital settings (Singh et al., 2017). The emergence of multidrug-resistant B. cereus strains further complicates treatment, as the organism exhibits intrinsic resistance to β-lactam antibiotics due to the production of β-lactamases and may acquire additional resistance mechanisms through horizontal gene transfer. The detection of toxin-producing strains in clinical cases necessitates not only accurate microbiological identification but also a thorough understanding of their virulence potential, particularly in vulnerable patients (Kovac et al., 2020). Thus, the use of animal models, particularly rats, has become indispensable for elucidating the systemic effects of these toxins. Rats are commonly used in toxicological research due to their well-characterized physiology, manageable size, and the availability of standardized protocols for histopathology, blood chemistry, and behavioral studies. Experimental exposure to B. cereus toxins in rats can reveal dose-dependent effects on organ systems such as the liver, kidneys, gastrointestinal tract, and immune cells, providing a more comprehensive understanding of toxin-mediated damage (Zhang et al., 2021). Given its capacity to produce toxins that affect mammalian systems, there is a growing interest in evaluating the biological activity of B. cereus toxins in vivo. While much of the early research on B. cereus toxicity has relied on in vitro assays such as Vero cell cytotoxicity, lactate dehydrogenase release, and protein quantification, these models cannot fully replicate the complex interactions that occur within living organisms (Tran et al., 2021). 
The widespread distribution and environmental resilience of Bacillus cereus contribute significantly to its role in toxin-related illnesses and outbreaks. As a facultative anaerobe, B. cereus can thrive under both aerobic and anaerobic conditions, which broadens its survival and multiplication capabilities in diverse settings, especially during food processing and storage (Osimani et al., 2018). Its presence in processed foods, dairy products, and cooked meals underscores the need for rigorous hygiene and monitoring protocols. The emetic toxin cereulide, in particular, poses a major public health concern because of its thermostability and resistance to enzymatic digestion, allowing it to remain active even after conventional cooking. This trait distinguishes cereulide from the enterotoxins and has been associated with severe poisoning cases involving liver failure, mitochondrial toxicity, and encephalopathy (Messelhäußer & Ehling-Schulz, 2018). Understanding the molecular genetics of toxin biosynthesis in B. cereus is critical to comprehending its virulence. The genes responsible for enterotoxin production, such as nhe, hbl, and cytK, are often found on chromosomal loci, and their expression is regulated by complex transcriptional regulators including PlcR, a pleiotropic regulator that coordinates the expression of virulence-associated genes (Celandroni et al., 2020). Meanwhile, the ces gene cluster, responsible for cereulide biosynthesis, is located on plasmids mobile genetic elements capable of horizontal transfer between strains. This plasmid-encoded nature contributes to the dissemination of emetic traits across diverse B. cereus populations. Notably, only a minority of strains carry the ces genes, yet their public health relevance is disproportionately high due to the severity of emetic outbreaks (Rouzeau-Szynalski et al., 2020). In microbiological practice, the identification of B. cereus typically involves culture on selective media such as Mannitol Egg Yolk Polymyxin (MYP) agar, where its characteristic lecithinase-positive, mannitol-negative colonies can be distinguished. However, traditional phenotypic methods often fall short in differentiating B. cereus from closely related species, necessitating the use of molecular tools. Polymerase chain reaction (PCR), real-time quantitative PCR (qPCR), and sequencing of 16S rRNA, gyrB, and panC genes are commonly employed to ensure accurate identification and strain typing (Hoton et al., 2021). More recently, the adoption of whole genome sequencing (WGS) has enabled high-resolution genotyping, toxin gene profiling, and prediction of virulence and antimicrobial resistance patterns. These tools are vital for epidemiological tracking and risk assessment, particularly in foodborne disease surveillance. Importantly, B. cereus’s pathogenic potential is influenced not only by genetic capacity but also by environmental conditions that modulate gene expression. Research has shown that temperature plays a crucial role in cereulide synthesis, with optimal production observed between 12–37°C, which includes conditions common in food storage and handling (Miller et al., 2018). pH, oxygen concentration, and the composition of food matrices also affect toxin production, highlighting the dynamic interaction between the bacterium and its environment. This ecological plasticity complicates efforts to predict or control its behavior in real-world contexts and underscores the need for experimental models to investigate its activity under conditions that simulate the host environment.
The toxicological evaluation of B. cereus toxins using rat models provides a physiologically relevant system to study their systemic impact. Compared to in vitro models, in vivo studies enable the observation of organ-specific damage, immune modulation, oxidative stress responses, and behavioral alterations, which are crucial for understanding toxin pathogenicity. Previous studies using rat models have demonstrated that exposure to cereulide leads to mitochondrial swelling, hepatic necrosis, and inflammatory infiltration in various tissues, mimicking severe outcomes observed in human cases (Vangoitsenhoven et al., 2019). Furthermore, enterotoxin exposure in rats has been associated with disruption of intestinal barrier function, leukocyte infiltration, and altered cytokine expression, providing evidence for their proinflammatory and cytolytic roles. These insights are instrumental in validating the health risks posed by toxin-producing strains, especially in scenarios where vulnerable populations may be at heightened risk. Aside from clinical significance, B. cereus toxins have also been explored for their biochemical properties and potential applications. For instance, cereulide’s ionophoric action has been studied in the context of mitochondrial research and its structural analogues have been considered as biochemical probes (Marxen et al., 2015). Nevertheless, their potent toxicity precludes therapeutic applications and mandates strict regulatory oversight, particularly in food manufacturing and hospital environments. Regulatory authorities such as the European Food Safety Authority (EFSA) and the U.S. Food and Drug Administration (FDA) have issued guidelines for microbial contamination in ready-to-eat foods, including thresholds for B. cereus colony-forming units (CFU) per gram. The European Food Safety Authority (EFSA) recommends that Bacillus cereus levels in ready-to-eat foods should be below 10³ CFU/g, as levels above this may pose a health risk (EFSA BIOHAZ Panel, 2020). Still, outbreaks continue to occur, often due to lapses in storage, improper heating, and insufficient detection protocols. The importance of a robust experimental design to assess B. cereus toxicity cannot be overstated. This research aims to isolate and identify native B. cereus strains from food and environmental samples, confirm their toxin-producing capacity, and assess the physiological impact of these toxins in rat models. Such a comprehensive approach integrates microbiological, molecular, and toxicological methodologies to bridge the gap between environmental microbiology and clinical outcomes. Given the organism’s adaptability, genetic variability, and rising antimicrobial resistance, understanding its behavior in biological systems is imperative for public health and food safety interventions (López et al., 2022). Additionally, this research could contribute to the refinement of diagnostic tools and the formulation of intervention strategies aimed at reducing foodborne illnesses caused by B. cereus.
The use of animal models, especially rats, offers a critical platform for assessing the systemic toxicity of Bacillus cereus toxins. Rats share physiological similarities with humans, allowing researchers to observe comparable responses to toxin exposure, including gastrointestinal disturbances, organ damage, and immunological changes. Their use enables controlled studies that simulate real-life exposure levels through ingestion or injection, providing insight into dose-dependent effects and pathological consequences. Investigations have shown that cereulide, the emetic toxin, causes mitochondrial dysfunction by forming cation-selective pores in membranes, disrupting ATP synthesis, and initiating apoptosis in hepatocytes and other vital cells (Vangoitsenhoven et al., 2019). When administered to rats, cereulide induces liver damage, brain edema, and gastrointestinal inflammation mirroring severe clinical symptoms in humans. Similarly, enterotoxins such as Hbl and Nhe have been implicated in epithelial disruption and immune responses in rodent models, revealing their cytotoxic and enteropathogenic potential (Ceuppens et al., 2020). Rats also allow for behavioral, histopathological, and biochemical assessments, such as evaluating changes in liver enzymes, cytokine profiles, and intestinal histology post-exposure. These metrics help to determine not only toxicity but also potential therapeutic interventions and safety thresholds. As antibiotic-resistant B. cereus strains continue to emerge, such animal studies are essential for understanding how toxin exposure interacts with host defenses and underlying conditions like immunosuppression. Given the public health implications of contaminated food or clinical infections, establishing standardized in vivo models is a necessary step toward improved risk assessment and mitigation strategies (López et al., 2022). 
The study of Bacillus cereus toxicity also holds growing significance in the context of food safety and biosecurity. As a spore-forming bacterium, B. cereus can withstand environmental stressors such as heat, desiccation, and chemical disinfectants, making it a persistent threat in food processing and hospital environments. Spores can germinate during improper cooling or reheating of foods, allowing the bacterium to proliferate and produce toxins even after cooking. This resilience has been particularly concerning in rice, pasta, dairy, and meat-based products, which are frequently implicated in outbreaks (Tallent et al., 2016). Additionally, B. cereus has been identified in hospital-acquired infections, where its spores resist standard disinfection protocols, posing risks to immunocompromised patients (Celandroni et al., 2020). The public health burden of B. cereus is underestimated due to underreporting, symptom overlap with other pathogens, and limited routine testing for its toxins. While mild cases often go unrecorded, severe emetic and diarrheal syndromes can escalate to systemic toxicity, particularly in vulnerable populations. The global trend toward ready-to-eat meals and increased reliance on mass food production further amplifies the potential for widespread outbreaks. Consequently, health agencies like the World Health Organization (WHO) and Centers for Disease Control and Prevention (CDC) advocate for enhanced surveillance systems and better understanding of bacterial toxin mechanisms to guide food safety policies (EFSA BIOHAZ Panel, 2020). In this light, the current research aims not only to confirm the presence and toxicity of B. cereus isolates but also to support the development of risk models and intervention strategies. By utilizing rat models to simulate toxin exposure, the study bridges the gap between laboratory findings and real-world health implications, reinforcing the necessity for multidisciplinary approaches in managing foodborne pathogens.
 Advancements in molecular biology and analytical techniques have significantly enhanced the ability to identify Bacillus cereus strains and their toxin-producing potential. Techniques such as polymerase chain reaction (PCR), enzyme-linked immunosorbent assay (ELISA), and liquid chromatography-mass spectrometry (LC-MS) have become instrumental in detecting toxin genes and quantifying active toxins in contaminated samples (Fricker et al., 2020). PCR allows for rapid screening of genes encoding cereulide synthetase (ces), non-hemolytic enterotoxin (nhe), hemolysin BL (hbl), and cytotoxin K (cytK), offering precise genetic identification. ELISA assays complement this by detecting the actual toxin proteins, while LC-MS provides quantitative and structural data, especially for cereulide. Together, these tools facilitate the confirmation of toxigenic B. cereus strains, which is crucial prior to assessing their biological effects in vivo. Furthermore, genomic and proteomic profiling has revealed the variability of toxin expression among different strains and environmental conditions, emphasizing the need to isolate and study local strains. For instance, regional food isolates may differ in their virulence potential compared to clinical or environmental strains due to genetic diversity, horizontal gene transfer, or selective pressures (Guinebretière et al., 2017). This has reinforced the call for localized studies that not only identify toxigenic strains but also assess their actual pathogenic potential under real-life exposure scenarios. This study, therefore, integrates classical microbiological methods with modern molecular diagnostics and animal modeling to provide a comprehensive evaluation of B. cereus toxicity. By isolating local strains, confirming their toxin profiles, and testing their effects on rat models, the research aims to fill critical knowledge gaps in microbial food safety. The insights derived will contribute to public health risk assessment, improve food handling protocols, and support regulatory frameworks designed to mitigate the burden of foodborne illnesses caused by this resilient pathogen.
1.1 LITERATURE REVIEW 
Multiple experimental studies have demonstrated that Bacillus cereus, particularly strains isolated from soil environments, possess potent toxigenic potential. Research has consistently shown that these environmental strains are capable of producing a wide array of toxins, including non-hemolytic enterotoxin (Nhe), hemolysin BL (Hbl), and cytotoxin K (CytK), which contribute significantly to their pathogenicity (Messelhäußer & Ehling-Schulz, 2018). In one foundational experiment, Chen et al. (2024) isolated B. cereus from various soil samples across Europe and reported that over 70% of the isolates harbored at least one enterotoxin gene. Using PCR-based gene detection followed by ELISA quantification, their study showed that the presence of these genes strongly correlated with actual toxin production under laboratory conditions. In another soil-based study, Chaves et al. (2019) evaluated the diversity and toxicity of B. cereus strains isolated from Brazilian agricultural soil. Their molecular analysis revealed a high frequency of nhe and hbl genes among the isolates. Furthermore, when the strains were grown in brain heart infusion broth and tested for cytotoxicity using Vero cell lines, several isolates demonstrated significant cytopathic effects, with cell rounding and detachment observed within 24 hours. This study provided direct evidence of cytotoxic protein expression from soil-derived B. cereus. Kim et al. (2023) extended these findings by evaluating 76 B. cereus isolates from paddy field soils in South Korea. Not only did they confirm the presence of toxin genes, but they also used reverse transcription quantitative PCR (RT-qPCR) to determine active expression levels under temperature and pH conditions mimicking foodborne transmission scenarios. Nearly 60% of strains demonstrated high expression levels of nheA and hblD genes, indicating a strong potential for toxin production even outside food matrices.
Moving beyond in vitro assays, several animal model experiments have provided substantial insights into the pathological impact of B. cereus toxins. Chakraborty et al. (2023) conducted an in vivo study using Wistar rats to evaluate the systemic toxicity of enterotoxins produced by B. cereus isolated from garden soil. The rats were orally administered with bacterial culture supernatants containing secreted toxins. Histological analyses performed after 7 days revealed inflammatory lesions in hepatic tissues, mild renal tubular damage, and disrupted intestinal epithelial integrity. Serum analysis also showed elevated levels of ALT and AST enzymes, suggesting liver stress induced by toxin exposure. Similar findings were reported by Elhariry et al. (2020), who investigated the effects of orally administered B. cereus spores isolated from desert soil in Egypt. In their experiment, rats were fed spore suspensions over a 10-day period. Postmortem tissue examination showed vacuolar degeneration in hepatocytes and lymphocytic infiltration in intestinal mucosa. Importantly, the strains used were confirmed to produce Nhe and CytK through immunoblot assays. This study highlighted the relevance of spore-forming environmental strains in inducing systemic and gastrointestinal toxicity. A more recent study by Mohan et al. (2022) explored the direct role of B. cereus toxins on multiple organs in rats. Using crude toxin extracts from soil-isolated strains, they administered sub-lethal doses to Sprague-Dawley rats for 14 consecutive days. The results showed significant histopathological changes in the liver (necrosis and hepatocyte ballooning), kidneys (glomerular congestion and tubular necrosis), and intestines (villus shortening and mucosal erosion). These findings were substantiated with immunohistochemistry to localize toxins within tissues, and confirmed elevated cytokine levels (IL-6, TNF-α), indicating systemic inflammatory responses. Beyond rodent models, experimental infection using insect larvae such as Galleria mellonella and mosquito larvae has also been utilized. Although the focus of this research project is on rat models, these insect assays provide additional confirmation of toxin potency. In a study by Okshevsky et al. (2023), B. cereus isolates from forest soil were injected into Galleria larvae. Within 24 hours, over 80% mortality was recorded for strains positive for both hbl and nhe. These data corroborate the toxic potential observed in mammalian studies. Furthermore, the soil environment itself has been experimentally linked to the toxigenic expression of B. cereus. Abolghait & El-Gazzar (2023) conducted a series of soil microcosm experiments where B. cereus strains were incubated in natural soils under varying moisture levels. Their results revealed that toxin gene expression was enhanced under mildly anaerobic, nutrient-depleted conditions, indicating that environmental stress might upregulate virulence factors even before entering a host organism. Another important study by Altayar and Sutherland (2017) used multiple strains of B. cereus isolated from different soil depths and tested their enterotoxin production on Caco-2 human intestinal epithelial cells. Several isolates caused rapid cell detachment and death, which was confirmed by lactate dehydrogenase (LDH) release assays. The authors concluded that pathogenicity is not restricted to surface soil strains but is also present in subsoil isolates, which may resurface through agricultural practices like tilling or flooding. In terms of characterization, genome sequencing has added a layer of precision in identifying toxic strains. In 2021, Liu et al. sequenced the genomes of 25 B. cereus isolates from compost-amended agricultural soils in China. Comparative genomics revealed the presence of intact virulence operons and mobile genetic elements capable of transferring toxin genes horizontally. These findings have serious implications for environmental and food safety, especially since mobile elements may contribute to the spread of toxigenic traits in microbial communities. Finally, correlation studies between toxin gene presence and actual in vivo toxicity have been increasingly emphasized. In one such study, Reyes et al. (2019) combined PCR toxin profiling with rat model validation. Strains with higher gene copy numbers of nhe and cytK caused significantly more severe organ damage in rats than strains with single or incomplete gene sets. Their conclusion strongly supports the use of combined molecular and animal model approaches to assess B. cereus pathogenicity more accurately.
Despite the wealth of research on Bacillus cereus toxigenicity, particularly from soil-origin isolates, several crucial gaps remain in understanding its full pathogenic potential, especially in the context of animal models like rats. Most existing studies tend to focus on foodborne strains of B. cereus, leaving soil-derived isolates underrepresented in toxicological studies. While environmental studies have confirmed the presence of virulence genes, there is a lack of comprehensive investigations that directly link soil-origin B. cereus to in vivo toxicity using standardized dosages and exposure durations. For instance, many experimental models use variable toxin concentrations without establishing clear dose-response relationships, thereby making comparative assessments between strains or conditions difficult (Mohan et al., 2022). Another critical research gap lies in the precise mechanism of toxin action within mammalian systems. Although studies have confirmed organ-level damage such as hepatocellular necrosis or intestinal mucosal erosion, very few have dissected the molecular pathways triggered by B. cereus enterotoxins within host tissues. For example, it remains unclear whether the observed inflammatory responses result from direct toxin-receptor binding or secondary immune activation. Moreover, cytokine profiling and histological data often lack mechanistic interpretation that links molecular signaling to tissue pathology (Elhariry et al., 2020). Furthermore, the majority of toxin potency evaluations are based on in vitro cell cultures (e.g., Caco-2 or Vero cells), which, although informative, do not replicate the complexity of systemic interactions in whole organisms. This limitation points to the need for robust, ethically sound, and reproducible in vivo models that can mimic human-like responses. While a few studies have used rat models, they vary significantly in strain type, route of administration (oral vs. intraperitoneal), and toxin preparation (supernatant vs. purified protein), making it difficult to standardize findings across the literature (Chakraborty et al., 2019). Additionally, the effect of environmental variables such as soil composition, moisture, and microbial competition on B. cereus toxin expression in situ remains inadequately studied. Only a handful of studies, like those of Abolghait & El-Gazzar (2023), have investigated how abiotic stressors influence virulence gene regulation. This leaves a large unexplored area in environmental microbiology: understanding how field-level conditions contribute to the activation or suppression of toxin genes prior to host exposure. Lastly, very little research has explored potential synergistic or antagonistic interactions between B. cereus toxins and the host microbiota. Given that gastrointestinal flora can influence toxin bioavailability, absorption, and immune response, this represents a significant frontier for future study. Advanced tools like metagenomics and transcriptomics could offer critical insights into these interactions, especially in live animal models (Liu et al., 2021).
The safety profile of Bacillus cereus and its toxins continues to be a subject of debate within scientific and public health circles. While some researchers argue that certain strains of B. cereus possess limited pathogenicity and are harmless under environmental conditions, others assert that even environmental isolates especially those from soil pose significant risks to both invertebrates and vertebrates (Ehling-Schulz et al., 2019). The dichotomy primarily stems from strain variability, genetic plasticity, and differing experimental methodologies across studies. A major area of contention is the assumption that insecticidal or soil-based strains of B. cereus are inherently less dangerous to mammals. For instance, certain B. cereus strains share phylogenetic similarities with B. thuringiensis, a widely used biopesticide known for its crystal protein toxicity against insects. Some scholars, like Lindbäck et al. (2024), argue that soil isolates of B. cereus may be evolutionarily adapted to invertebrate hosts and thus unlikely to express high toxicity in mammals. However, this view has been challenged by more recent findings showing that non-clinical B. cereus isolates from soil can possess complete operons for enterotoxins such as Hbl (hemolysin BL), Nhe (non-hemolytic enterotoxin), and CytK (cytotoxin K), all of which have been implicated in severe human and animal illness (Dietrich et al., 2022). Moreover, researchers debate the implications of using B. cereus in biological and industrial applications. While B. cereus has been proposed as a biological agent for organic waste degradation and even bioremediation, concerns arise over the accidental exposure of humans or domestic animals to enterotoxigenic strains through environmental contact (Singh et al., 2020). The unpredictability of toxin gene expression under field conditions and the potential for horizontal gene transfer further complicate the safety outlook. In terms of animal models, some argue that rat and mouse studies may exaggerate or underrepresent the risks depending on the route of exposure, dosage, and animal susceptibility. For example, in an oral administration model, certain strains of B. cereus caused intestinal inflammation and disrupted epithelial integrity in rats, while other strains showed negligible effects (Kim et al., 2021). These contradictory outcomes fuel debates regarding how to best assess and standardize toxin potency for public health risk evaluation. From a regulatory standpoint, there is also a divide between countries on the acceptability of B. cereus counts in food and feed. While the European Union maintains a stringent threshold of <10^3 CFU/g in ready-to-eat foods, some regulatory agencies accept higher counts under the assumption that not all strains are toxigenic (EFSA, 2020). This discrepancy underscores the need for more conclusive evidence on strain-specific pathogenicity, particularly from environmental sources like soil. Collectively, these debates emphasize the importance of strain-level characterization, consistent testing methodologies, and real-world simulations of exposure. The continued uncertainty in safety evaluations highlights the need for comprehensive experimental studies using live animal models to validate theoretical risk assumptions, especially regarding soil-isolated strains of B. cereus and their toxin expression under environmental conditions.
1.2 PROBLEM STATEMENT
· Existing research predominantly focuses on foodborne B. cereus strains, while environmental soil-derived strains remain poorly characterized regarding their toxin production and pathogenic potential.
· There is insufficient data linking the concentration levels of B. cereus toxins in soil-derived isolates to actual biological effects in mammalian models such as rats.
· Standardized methods for isolating, quantifying, and evaluating the potency of B. cereus toxins from agricultural soils are lacking, resulting in inconsistent findings across studies.
· The dose-response relationship between different concentrations of B. cereus toxins and their toxic effects in live animal models is not well established, making risk assessment difficult.
· Environmental factors such as soil composition, agricultural practices, and microbial competition may influence toxin expression but have not been adequately studied in relation to toxin potency and public health risk
1.3 JUSTIFICATION OF THE STUDY
The increasing incidence of foodborne illnesses associated with Bacillus cereus necessitates detailed research into its toxin production and pathogenic potential. Despite its prevalence in various foods, the toxigenicity of local strains remains under-investigated, particularly in relation to their effects on mammals. Utilizing rat models provides a realistic platform to assess systemic toxicity and evaluate the risk posed to public health. This study is justified by the urgent need for data-driven strategies to identify, monitor, and control toxigenic B. cereus strains, thereby enhancing food safety regulations and informing public health responses to microbial contamination.
1.4 AIM AND OBJECTIVES 
The primary aim of this research is to assess the potency of Bacillus cereus toxin derived from agricultural field soil samples
Objectives are:
1. To isolate and identify Bacillus cereus from agricultural field soil samples.
2. To determine if the isolated strains produce enterotoxins through qualitative and quantitative analysis.
3. To evaluate the toxicity of the B. cereus toxin concentration by testing its effects on rats.











