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ABSTRACT
Fusarium graminearum is a mycotoxigenic fungus that often infects cereal crops, generating strong toxins such deoxynivalenol (DON), zearalenone (ZEN), and fusarenon-X (FX). This study looked at how dangerous the F. graminearum toxin was when it was taken from infected maize samples and given to albino rats in controlled laboratory circumstances at different concentrations (100%, 80%, 60%, and 50%). Clinical investigations showed that the harmful effects got worse with higher doses. These symptoms included less movement, difficulty breathing, dullness of the eyes, and death at the greatest concentration. The investigation after death showed that important organs like the liver, kidney, and gut were getting worse, which confirmed systemic poisoning. Rats that were exposed to lesser amounts showed less severe but nonetheless noticeable physiological impairment. These results add to what we already know about the health consequences of F. graminearum toxins and show how important it is to keep an eye on and control mycotoxins in food systems to protect the health of people and animals. 
[bookmark: _GoBack]Keyword: Fusarium graminearum, deoxynivalenol (DON), zearalenone (ZEN), mycotoxins, food safety, toxicology, organ damage.

ix

CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW
1.0 INTRODUCTION
Rhizopus stolonifer, commonly known as black bread mold, is a ubiquitous filamentous fungus belonging to the phylum Zygomycota. It is renowned for its rapid growth and widespread presence in various environments, particularly in decaying organic matter. While R. stolonifer is primarily recognized for its role in food spoilage, recent studies have highlighted its potential to produce mycotoxins secondary metabolites that can be harmful to both humans and animals. These mycotoxins have been implicated in various health issues, prompting scientific investigations into their potency and effects. The toxicological profile of R. stolonifer is crucial, especially considering its prevalence in food products and the environment. This study aims to evaluate the potency of toxins produced by R. stolonifer, using white rats as a model organism to assess potential health risks associated with exposure.  Mycotoxins are toxic compounds produced by certain molds, including species of Rhizopus, under specific environmental conditions. These toxins can contaminate food and feed, leading to acute or chronic health effects upon ingestion. The severity of mycotoxin-induced diseases, known as mycotoxicoses, depends on factors such as the type of toxin, exposure level, and duration. In animals, mycotoxicoses can result in reduced productivity, immune suppression, and even death. In humans, they have been linked to various health issues, including liver and kidney damage, immunosuppression, and carcinogenic effects. Given the potential health risks, it is imperative to study the specific mycotoxins produced by R. stolonifer and their effects on biological systems. Such studies can inform risk assessments and guide the development of mitigation strategies to ensure food safety and public health (Liu et al., 2024). 
White rats (Rattus norvegicus) are commonly used in toxicological studies due to their physiological and genetic similarities to humans. They serve as valuable models for assessing the toxicity of various substances, including mycotoxins. By administering R. stolonifer toxins to white rats, researchers can observe potential health effects, such as changes in organ function, histopathological alterations, and behavioral responses. These observations provide insights into the potential risks posed by these toxins to human health. Furthermore, studying the effects in a controlled laboratory setting allows for the identification of specific dose-response relationships and the determination of safe exposure levels (Udoudoakpan & Effiong, 2024). This information is crucial for establishing regulatory standards and guidelines for mycotoxin contamination in food and feed. The production of mycotoxins by R. stolonifer is influenced by various environmental factors, including temperature, humidity, and substrate composition. Optimal conditions for toxin production often coincide with those favorable for fungal growth, such as warm and humid environments. This makes stored food products particularly susceptible to contamination, especially in regions with tropical climates. In Nigeria, for instance, the warm and humid conditions prevalent in many areas create an ideal environment for the growth of R. stolonifer and subsequent mycotoxin production. This underscores the importance of proper food storage and handling practices to minimize the risk of contamination. Additionally, understanding the environmental factors that promote toxin production can aid in developing targeted interventions to prevent mycotoxin contamination. Previous studies have identified several mycotoxins produced by R. stolonifer, including ochratoxin A, zearalenone, and patulin. These toxins have been associated with various toxic effects in animals and humans. For example, ochratoxin A is known to cause kidney damage and has been classified as a possible human carcinogen. Zearalenone exhibits estrogenic activity, leading to reproductive disorders, while patulin is associated with immunotoxicity and neurotoxicity. The presence of these toxins in food products poses significant health risks, necessitating thorough investigations into their occurrence and effects. By studying the specific toxins produced by R. stolonifer and their impacts on white rats, researchers can better understand the potential health hazards and develop appropriate risk management strategies (Toigo et al., 2022). 
The methodology for assessing the toxicity of R. stolonifer toxins in white rats involves several key steps. First, the fungus is cultured under controlled laboratory conditions to induce toxin production. The resulting mycotoxins are then extracted and quantified using analytical techniques such as high-performance liquid chromatography (HPLC) or Spectrophotometer. Subsequently, the toxins are administered to white rats through various routes, such as oral gavage or intraperitoneal injection, at different dosage levels. The rats are monitored for clinical signs of toxicity, changes in body weight, food and water intake, and behavioral alterations. At the end of the exposure period, the animals are euthanized, and their organs are examined for histopathological changes (Abdelhameed & Khalifa, 2024). The findings from such studies have significant implications for public health and food safety. If R. stolonifer is confirmed to produce potent mycotoxins that cause adverse health effects in white rats, it suggests a potential risk to humans, especially in regions where the fungus is prevalent. This information can inform regulatory agencies and policymakers in establishing maximum allowable levels of these toxins in food and feed products. Furthermore, it highlights the need for routine monitoring of food products for R. stolonifer contamination and the implementation of preventive measures to reduce fungal growth and toxin production. Public awareness campaigns can also be initiated to educate consumers and food handlers about the risks associated with mold contamination and the importance of proper food storage practices. In addition to public health considerations, understanding the toxicity of R. stolonifer mycotoxins has economic implications. Contamination of food and feed products with mycotoxins can lead to significant economic losses due to product recalls, reduced livestock productivity, and trade restrictions. By identifying the specific toxins produced by R. stolonifer and their effects, stakeholders in the agricultural and food industries can develop targeted strategies to mitigate these risks. This may include the development of resistant crop varieties, improved storage facilities, and the use of antifungal agents. Moreover, research into the mechanisms of toxin production can lead to innovative approaches for controlling fungal growth and mycotoxin synthesis, thereby enhancing food security and economic stability (Li et al., 2021).
The use of white rats in toxicity studies also provides a foundation for further research into the mechanisms of action of R. stolonifer mycotoxins. By examining the molecular and cellular pathways affected by these toxins, researchers can gain insights into their modes of toxicity. This knowledge can contribute to the development of therapeutic interventions and antidotes for mycotoxin poisoning. Additionally, it can aid in the identification of biomarkers for early detection of exposure, facilitating prompt medical responses. Understanding the mechanisms of toxicity also has broader implications for toxicology and pharmacology, as it can reveal novel targets for drug development and contribute to the field of risk assessment. Furthermore, the study of R. stolonifer mycotoxins in white rats can serve as a model for investigating other fungal toxins and their effects. The methodologies and findings can be applied to studies of other mycotoxin-producing fungi, enhancing our overall understanding of fungal toxicology. This comparative approach can identify common pathways of toxicity and potential cross-reactivities, informing comprehensive risk assessments (Wang et al., 2025). It also underscores the importance of interdisciplinary collaboration, integrating mycology, toxicology, pathology, and public health to address the complex challenges posed by mycotoxins. By building a robust body of knowledge, researchers and policymakers can develop effective strategies to protect public health and ensure food safety. The investigation into the potency of Rhizopus stolonifer toxins using white rats as a model organism is a critical step in understanding the potential health risks associated with this common fungus. Given its widespread presence in the environment and food products, elucidating the toxicological profile of R. stolonifer is essential for public health, food safety, and economic stability. Through comprehensive studies involving toxin extraction, administration, and assessment of health effects in white rats, researchers can provide valuable data to inform regulatory standards and preventive measures. This research not only addresses immediate health concerns but also contributes to the broader scientific understanding of mycotoxins and their impacts on biological systems. Continued efforts in this field are necessary to safeguard human and animal health against the threats posed by fungal toxins (Alamer & Abdelkhalig, 2023).
1.1 LITERATURE REVIEW
According to Mlikota Gabler et al. (2004), Rhizopus stolonifer, commonly known as black bread mold, is a ubiquitous fungus that can produce spores capable of surviving under various environmental conditions. Their study demonstrated that the spores of R. stolonifer exhibit significant resistance to ethanol and heat treatments, with an estimated 50% inhibition of spore germination (LD₅₀) occurring at 20.6% ethanol concentration at 40°C. This resilience suggests that R. stolonifer can persist in diverse environments, potentially leading to contamination of food products and subsequent exposure to its metabolites. While the study focused on the survival of spores rather than toxin production, the ability of R. stolonifer to withstand common decontamination methods raises concerns about its potential to produce harmful metabolites that could affect both human and animal health. According to Zimmermann et al. (1978), mycotoxins produced by certain fungal species, such as Aspergillus ochraceus, can induce severe toxic effects in animal models. In their study, rats fed diets containing cultural products of A. ochraceus exhibited reduced weight gain, high mortality rates, and significant organ damage, including liver necrosis and kidney discoloration. Although this study did not specifically investigate R. stolonifer, it highlights the potential for fungal metabolites to cause systemic toxicity in mammals. Given that R. stolonifer is also known to produce secondary metabolites, there is a plausible risk that its toxins could elicit similar adverse effects in animal models, such as white rats. According to Kępińska-Pacelik and Biel (2021), mycotoxins are secondary metabolites produced by fungi that pose significant health risks to both humans and animals. These compounds are resistant to common food processing methods, such as cooking and baking, making them persistent contaminants in the food supply. The study emphasizes that even low levels of mycotoxins can lead to serious health consequences, including immunosuppression, reproductive issues, and increased susceptibility to diseases. While R. stolonifer is not among the most commonly studied mycotoxin-producing fungi, its widespread presence and potential to produce harmful metabolites necessitate further investigation into its toxicological impact on animal models.  According to Nešić et al. (2021), biological control methods have been explored as strategies to mitigate mycotoxin contamination in food and feed. Their review discusses the use of microorganisms, such as bacteria and non-toxigenic fungi, to degrade or adsorb mycotoxins, thereby reducing their bioavailability and toxicity. Although R. stolonifer has been studied for its potential in biodegradation processes, its role as a mycotoxin producer raises concerns about its dualistic nature. Understanding the conditions under which R. stolonifer produces toxins versus when it contributes to mycotoxin degradation is crucial for assessing its safety and potential applications in food safety interventions.  According to the study by the Department of Pharmacognosy at Misr University for Science and Technology (2024), Rhizopus stolonifer exhibits pharmacological activities, including antimicrobial and antidiabetic effects. The research involved administering ethanolic extracts of R. stolonifer to diabetic mice, resulting in significant reductions in blood glucose levels and protective effects on pancreatic beta cells. While these findings suggest potential therapeutic applications, they also underscore the complexity of R. stolonifer's metabolic profile. The same organism capable of producing beneficial compounds may also synthesize harmful toxins under different conditions, highlighting the importance of comprehensive toxicological assessments, particularly when considering its effects on animal models like white rats. 
STATEMENT OF THE PROBLEM
The potential health risks posed by fungal toxins remain underexplored, particularly those produced by Rhizopus stolonifer. This study investigates the toxic effects of Rhizopus stolonifer toxin on white rats to assess its potency and implications for food safety.


JUSTIFICATION OF THE STUDY
This study is justified by the need to evaluate the potential health risks associated with exposure to Rhizopus stolonifer toxins. Investigating its effects on white rats provides insight into possible toxicological impacts on mammals, including humans. OBJECTIVES TO THE STUDY
The primary objective of this research project is to assess the potency of Rhizopus stolonifer toxin and its toxic effects on white rats. Specifically, the study aims to:
· Investigate the toxicity of Rhizopus stolonifer on white rats, focusing on the effects of toxin exposure
· Evaluate the potential physiological and biochemical impacts of the toxin on the rats' health and organ functions


CHAPTER TWO
2.0   MATERIALS AND METHODS
2.1   STERILIZATION OF GLASSWARES
All glassware were washed with soap and rinsed with distilled water. All the glassware were drained out and packed with aluminum foil to prevent the entry of air and to avoid contamination and they were packed into the hot air oven. Then the oven was maintained at 45°c for 15 minutes of sterilization. Others were cleaned and properly kept in a carton. The autoclave and centrifuge were properly covered. Inoculating loop was heat to redness with spirit lamp and workbench was wiped with 70% ethanol.
2.2 MATERIALS USED
The following materials will be used during the course of the research: Petri dishes, Ethanol, Bursen burner, Potato dextrose agar, Conical flask, Beaker, Weigh balance Distilled water, Test tubes, Inoculating loop, Cotton wool, Gloves,  Nose mask, Measuring cylinder, Stirring rod ,Spatula, Reagent bottles, Potato Dextrose broth(PDB) , Scapel, Buffer solution, Normal saline, Centrifuge, Test tube rack, Pipette, Kovac’s reagent, Methyl red, Barritt’s A and B reagent, Magnetic stirrer, Mortar and pistil, lactophenol cotton blue stain, Bread, Peptone water, cover slip, microscope, Syringe, incubator, Spectrophotometer and needle
2.3 SAMPLE COLLECTION
Samples of Rhizopus stolonifer were isolated from visibly moldy bread that had been stored under moist conditions to promote fungal growth. The collected fungal specimens were carefully transferred into sterile containers and immediately transported to the microbiology laboratory under refrigerated conditions to maintain their viability. Upon arrival, the samples were stored at 4 °C until further processing. To ensure experimental consistency, only fresh and actively growing fungal cultures were selected for toxin extraction. All procedures involving sample handling were conducted under strict aseptic conditions to preserve the purity of the isolates for subsequent toxicological experiments on white rats.
2.4 PREPARATION OF MEDIA
 Media were prepared according to manufacturer′s instruction and then autoclave at 1210 C for 15 minutes. The following are the media used during the laboratory bench work 
· Potato Dextrose Agar (PDA) 
· Potato Dextrose Broth (PDB) 


2.4.1 PREPARATION OF POTATO DEXTROSE AGAR (PDA)
Potato Dextrose Agar (PDA) was prepared by dissolving 39 grams of commercially available PDA powder in 1 liter of distilled water. The mixture was stirred thoroughly to ensure even distribution of the components and then heated gently to allow complete dissolution. The pH was adjusted to approximately 5.6 to favor fungal growth. The solution was poured into clean conical flasks, covered with cotton wool and aluminum foil, and sterilized in an autoclave at 121°C for 15 minutes. After sterilization, the medium was allowed to cool to about 45°C before being aseptically dispensed into sterile Petri dishes and left to solidify. The solidified agar plates were stored at room temperature or refrigerated until used for fungal isolation and culturing.
2.4.2 PREPARATION OF POTATO DEXTROSE BROTH (PDB)
Potato Dextrose Broth (PDB) was prepared by dissolving 24 grams of dehydrated PDB powder in 1 liter of distilled water in a clean conical flask. The mixture was stirred until fully dissolved and the pH adjusted to around 5.6 for optimal fungal growth. The flask was then covered with cotton wool and aluminum foil and sterilized in an autoclave at 121°C for 15 minutes. After cooling to room temperature, the sterile broth was used for sub-culturing Rhizopus stolonifer and for the extraction of fungal metabolites, including toxins, by allowing the fungus to grow under stationary conditions for several days.
2.5 ISOLATION OF RHIZOPUS STOLONIFER FROM MOLDY BREAD
To isolate Rhizopus stolonifer, visibly moldy bread samples showing characteristic black or grayish fungal growth were selected, as such discoloration often indicates the presence of the fungus. The surface of the moldy bread was gently cleaned using sterile forceps to remove loose debris. Small portions of the contaminated areas were then cut using a sterile scalpel and crushed into smaller fragments with a sterile mortar and pestle. The resulting material was suspended in sterile normal saline and subjected to serial dilution up to 10⁻⁴ (four dilution levels). From each dilution, 1 ml was aseptically transferred and spread onto the surface of prepared and solidified Potato Dextrose Agar (PDA) plates. The inoculated plates were incubated at 28 °C for 4 to 5 days. Fungal growth was monitored daily, with special attention given to colonies exhibiting the typical morphology of Rhizopus stolonifer, such as fast-growing, fluffy mycelia and the formation of black sporangia. Colonies with these features were sub-cultured onto fresh PDA plates to obtain pure isolates for further identification and subsequent toxin analysis.

2.6 CHARACTERIZATION AND IDENTIFICATION OF RHIZOPUS STOLONIFER
Preliminary identification of the fungal isolates was based on cultural and microscopic characteristics. The colony color, growth rate, and texture were observed on PDA. Microscopic identification was done by preparing lactophenol cotton blue mounts and observing under a microscope. Features such as macroconidia shape, number of septa, and hyphal structure were compared with standard taxonomic keys to confirm the presence of Rhizopus stolonifer.
2.7 SUB-CULTURING AND EXTRACTION OF RHIZOPUS STOLONIFER
After characterization, fungi identified as Rhizopus stolonifer in the isolates were sub-cultured in Potato Dextrose Broth (PDB) and incubated in a shaking incubator at room temperature for 7 days to support toxin production, which was indicated by changes in color and the development of cloudiness in the broth. Following incubation, the liquid culture was centrifuged to separate the fungal biomass, and the supernatant presumed to contain the toxin was carefully decanted. This decanted supernatant was then subjected to spectrophotometric analysis to assess the presence and concentration of the produced toxin.

2.8 ADMINISTRATION AND EVALUATION OF THE POTENCY OF THE TOXIN IN WHITE RATS
To evaluate the potency of the Rhizopus stolonifer, a controlled experiment was conducted involving white rats. The rats were divided into four groups, with each group receiving a different concentration of the toxin. The toxin was administered orally at varying concentrations: 100%, 80%, 60%, and 50%, with a volume of 0.5 ml administered per rat, the 5th rat was not injected serving as a control. Each group consisted of four rats. The rats were closely monitored for any signs of toxicity, including behavioral changes, physical symptoms, and mortality. After the administration period, the rats were assessed for any physiological alterations that might indicate the presence of the toxin and its effects on health. The results of these evaluations helped to determine the relative toxicity and the potency of the Rhizopus stolonifer toxin at different concentrations.
CHAPTER THREE
3.1 Characterization and Identification of Fungal Isolate
Table 1: Characterization and Identification of Fungal Isolate
	Cultural Features on PDA
	Microscopic Characteristics

	Colonies appear white to grayish with a cottony or woolly texture.
	Non-septate hyphae with large, spherical sporangia containing numerous spores.

	Presence of horizontal hyphae (stolons) spreading across the medium.
	Rhizoids (root-like structures) present beneath the sporangiophores, anchoring the mycelium.

	Fluffy, rapid-growing mycelium covering the surface of the plate.
	Sporangiophores arise from stolons and are typically unbranched and erect.

	Distinct zones of aerial mycelium and submerged hyphae observed.
	Sporangia are dark-colored when mature, containing sporangiospores.




Fig. A Showing colony on PDA		Fig. B Showing microscopic view	
[image: C:\Users\BALOGUN JAMIU\AppData\Local\Packages\5319275A.WhatsAppDesktop_cv1g1gvanyjgm\TempState\F1222F559689B1B1B2EABF82BCEF46EF\WhatsApp Image 2025-06-20 at 12.30.27_c4d98644.jpg]              [image: C:\Users\BALOGUN JAMIU\AppData\Local\Packages\5319275A.WhatsAppDesktop_cv1g1gvanyjgm\TempState\C8C27A9731D46BC61ECBB8195027BC68\WhatsApp Image 2025-06-20 at 12.26.56_912e1b28.jpg]



	
                   




TABLE 2: Weekly Clinical Observations in Experimental Rats
	RAT ID
	GEN. APPEARANCE
	BEHAVIOUR
	LOCOMOTION
	FEEDING

	RESPIRATORY 
SIGNS
	EYES & NOSE

	Black
	Loose weight
	Active
	Sleeping
	High
	Normal
	The eye is more red

	Blue
	
	Active
	
	
	
	

	Green
	
	Active
	
	
	
	

	Red
	
	Aggressive
	
	
	
	

	Black
	Loose weight
	Active
	Sleeping and calm
	High 
	Normal
	More red

	Blue
	
	Active
	
	
	
	

	Green
	
	 Active
	
	
	
	

	Red
	
	More active
	
	
	
	

	Black
	Normal body lean
	Active
	Calm and sleeping 
	Feeding well
	Normal
	Eye point out

	Blue
	
	Calm
	
	
	
	

	Green
	
	Active
	
	
	
	

	Red
	
	Calm but active
	
	
	
	

	Black
	Weight reduced
	Energetic
	Calm and active
	High
	Swelling stomach 
	Red eye

	Blue
	
	
	
	
	
	

	Green
	
	
	
	
	Normal
	

	Red
	
	
	
	
	
	

	Black
	Muscle gain
	Less active
	Dull and calm
	Normal 
	Normal
	Dull eye

	Blue
	
	
	
	
	
	

	Green
	
	
	
	
	
	

	Red
	
	
	
	
	
	

	Black
	Skinny body
	Appear calm & dull
	Sleeping & week
	No feeding
	
Normal
	Sharp but not clear eye

	Blue
	
	
	
	Normal 
	
	

	Green
	
	
	
	
	
	

	Red
	
	
	
	
	
	


Key:
Black – 100%
Red – 80%
Green – 60%
Blue – 50% 
Table 2:  Post-Mortem Findings in Experimental Rats
	Organ
	Green (60%)
	Red (80%)
	Blue (50%)
	Black (100%)

	Intestine
	Small, brown
	Merged and intermixed
	Small, brown
	No pigmentation, blended

	Liver
	Brownish (vs control)
	Dark
	Light red
	Very dark (vs control)

	Kidney
	Small, pale
	Tiny, dark brown
	Brown (vs control)
	Dark, compact

	Heart
	Normal, slightly darker
	Dark
	Normal
	Abnormal (vs control)

	Lungs
	Small, dark
	Mini, pale
	Dark pink
	Swollen, unusually small

	Blood
	Dark
	Pitch black, low volume
	Black
	Little to no blood


Key: vs = versus
Black – 100%
Red – 80%
Green – 60%
Blue – 50% 


Fig.3 
(a) 						     (b) 
Dissected Experimental Rat 		     Dissected Experimental Rat (Control)
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CHAPTER FOUR
4.0 DISCUSSION AND CONCLUSION
4.1 DISCUSSION
The characterization and identification of the fungal isolate observed on Potato Dextrose Agar (PDA) revealed morphological features consistent with Rhizopus stolonifer (Table 1). Macroscopically, the colonies exhibited a cottony, fluffy appearance with a white to grayish coloration, which became darker as the fungus matured. The presence of stolons horizontal hyphae connecting nodal points and rhizoids beneath the sporangiophores further supported the identification. Microscopically, non-septate hyphae and large spherical sporangia filled with sporangiospores were key diagnostic features. This morphology aligns with findings from earlier studies that described R. stolonifer as a fast-growing zygomycete with prominent aerial and submerged hyphae (Singh et al., 2021). Figures 1 and 2 visually confirm both the microscopic and cultural appearance of the isolate, supporting the identification.
The clinical observations from the experimental rats exposed to R. stolonifer revealed a range of physiological and behavioral responses that suggest systemic toxicity (Table 2). In particular, rats in the “Black” group (100% exposure) consistently showed signs of distress such as weight loss, calm or dull behavior, increased sleep duration, and red or dull eyes. These symptoms were less pronounced but still evident in the “Red” (80%) and “Green” (60%) groups, while the “Blue” (50%) group showed the least alterations. Locomotion and feeding behavior were impaired in higher-exposure groups, with some animals appearing weak, skinny, or inactive. Such behavioral changes are consistent with fungal toxicosis, especially from mycotoxins known to be produced by Rhizopus spp., which may affect metabolic and neurological functions (Jain & Agrawal, 2020).
The post-mortem examination reinforced the toxic effects of R. stolonifer exposure on internal organs (Table 2). The most severely affected group, “Black” (100%), exhibited notable pathology, including blended, depigmented intestines, very dark livers, compact dark kidneys, abnormal heart tissue, and swollen or unusually small lungs. The presence of little or no blood also suggests internal bleeding or circulatory compromise. In contrast, organs in the “Blue” (50%) and “Green” (60%) groups appeared closer to normal, although some discoloration and reduction in organ size were noted. The discoloration of the liver and kidneys is a typical marker of mycotoxin accumulation and damage, potentially implicating secondary metabolites like rhizoxin and furan compounds previously reported in Rhizopus species (Papp et al., 2020).
Figures 3a and 3b provide visual evidence of the pathological effects on dissected rats, highlighting the stark contrast between toxin-exposed and control specimens. In Figure 1a, swelling, discoloration, and abnormal tissue texture are evident in the experimental group, particularly affecting the gastrointestinal and hepatic structures. Conversely, the control rat in Figure 3b maintained normal organ coloration and morphology. These findings are in line with the histopathological alterations reported in rats exposed to fungal metabolites in previous toxicological studies (Oluwafemi et al., 2020).
The results indicate that Rhizopus stolonifer, while commonly known for food spoilage, possesses significant biological potency capable of inducing systemic toxicity in mammals. The extent of clinical symptoms and organ damage was dose-dependent, suggesting a threshold beyond which exposure becomes acutely harmful. These findings may have implications for food safety and environmental health, particularly in poorly stored or contaminated foodstuffs where Rhizopus species are prevalent.



4.2Conclusion
The findings from both clinical observation and post-mortem examination suggest that Rhizopus stolonifer produces a potent toxin with significant systemic toxicity in rats, especially at higher concentrations. The severity of both external symptoms and internal organ damage increased with toxin concentration. These results demonstrate the need for further biochemical and histopathological studies to characterize the toxin components and mechanisms of toxicity, especially regarding liver, kidney, and respiratory involvement. Proper handling and monitoring of food or environments contaminated with Rhizopus stolonifer are crucial to prevent potential mycotoxin exposure.
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