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ABSTRACT
This study investigated the potency of Penicillium citrinum toxin, specifically citrinin, and its toxicological effects using rat models. The research began with the isolation and identification of P. citrinum from contaminated samples through macroscopic and microscopic examination. The fungal colonies displayed characteristic powdery, greenish growth with penicillus-like hyphal structures, confirming the presence of P. citrinum. Citrinin toxin was extracted and diluted into different concentrations for administration to four groups of rats. Each rat was monitored over seven days for signs of toxicity including behavioral changes, weight loss, visual impairment, and mortality. The results demonstrated a clear dose-dependent relationship, with higher toxin concentrations inducing severe symptoms such as fast breathing, dullness, aggressiveness, and eventual death in some rats. Rats exposed to 50% concentration showed only mild symptoms, indicating a potential toxicity threshold. The study underscores the significant health risks associated with citrinin exposure and calls for improved detection and regulation of mycotoxins in food and environmental sources. This research contributes valuable insight into fungal toxin pathology and supports the need for ongoing surveillance in food safety and toxicology.
Keywords: Citrinin, Penicillium citrinum, Mycotoxin, Toxicity, Rats






CHAPTER ONE
1.0 INTRODUCTION 
Fungi are a diverse kingdom of eukaryotic organisms that include molds, yeasts, and mushrooms, characterized by their heterotrophic mode of nutrition and filamentous growth in most species. Unlike plants, fungi lack chlorophyll and cannot perform photosynthesis; instead, they obtain nutrients through the decomposition of organic matter, parasitism, or mutualistic relationships (Heitman et al., 2021). They are found in almost every environment, from soil and water to extreme habitats such as deep-sea hydrothermal vents and arid deserts. Their ecological role in nutrient cycling, organic matter decomposition, and symbiotic associations with plants makes them indispensable to global ecosystems (Gao et al., 2022). Structurally, fungi exhibit great variation, but most filamentous species consist of hyphae, which form an interconnected network known as mycelium. The hyphal cell walls are primarily composed of chitin, a strong polysaccharide also found in arthropod exoskeletons (Gauthier et al., 2019). Yeasts, in contrast, exist as unicellular organisms and reproduce through budding or fission, contributing significantly to fermentation industries and biotechnology. Fungi reproduce both sexually and asexually through spores, which can be airborne, waterborne, or spread via animals, allowing for rapid colonization and survival in diverse environments (Golan & Pringle, 2017). The classification of fungi is based on morphological, reproductive, and molecular characteristics. Major fungal phyla include Ascomycota (sac fungi), Basidiomycota (club fungi), Zygomycota (bread molds), Chytridiomycota (aquatic fungi), and Glomeromycota (arbuscular mycorrhizal fungi). Among these, Ascomycota is the largest phylum, encompassing many industrially and medically significant genera such as Penicillium, Aspergillus, and Saccharomyces (Alexopoulos et al., 2020). The advent of molecular techniques such as whole-genome sequencing and phylogenetic analysis has led to more accurate fungal classification and identification, enhancing our understanding of their evolutionary relationships and functional diversity (Sharma & Ghosh, 2021). Fungi have significant economic and medical importance. They serve as natural decomposers, breaking down complex organic compounds into simpler forms that enrich the soil. Many fungi form mutualistic relationships with plants, enhancing nutrient uptake through mycorrhizal associations. In industry, fungal species such as Saccharomyces cerevisiae are indispensable for alcohol fermentation, bread making, and bioethanol production. Additionally, fungi produce bioactive compounds, including antibiotics such as penicillin, immunosuppressants like cyclosporine, and cholesterol-lowering drugs such as lovastatin (Hibbett et al., 2018). However, some fungi also pose serious threats to human health, agriculture, and food safety. Pathogenic species like Candida albicans cause opportunistic infections, while plant pathogens such as Fusarium and Aspergillus significantly reduce crop yields. Furthermore, certain fungal species produce mycotoxins secondary metabolites that contaminate food and feed, leading to severe health consequences (Frisvad, 2018). The study of fungi, known as mycology, continues to expand due to their broad impact on medicine, biotechnology, and agriculture. Emerging research focuses on harnessing fungi for bioremediation, biofuel production, and novel drug discovery. However, challenges such as antifungal resistance, fungal infections in immunocompromised individuals, and climate change-driven alterations in fungal distribution require continued investigation (Fisher et al., 2020). As scientific understanding of fungi deepens, their applications in various industries and environmental conservation efforts will continue to grow.
The genus Penicillium comprises a diverse group of filamentous fungi that are widely distributed in soil, air, decaying organic matter, and food products. These fungi belong to the phylum Ascomycota and the family Trichocomaceae, characterized by their ability to produce conidia in chains from brush-like conidiophores. Penicillium species are among the most studied fungi due to their industrial, medical, and agricultural significance, as well as their ability to produce secondary metabolites, including beneficial antibiotics and harmful mycotoxins (Houbraken et al., 2020). Members of the Penicillium genus are predominantly saprophytic, playing a crucial role in organic matter decomposition and nutrient recycling. They are commonly found in soil, where they contribute to the breakdown of plant material and release essential nutrients into the environment. Due to their high adaptability, Penicillium species can thrive in diverse habitats, including indoor environments, refrigerated foods, and even extreme ecological niches such as polar region and deep-sea sediments (Visagie et al., 2017). This adaptability is partly attributed to their ability to produce spores that can withstand harsh conditions and remain dormant until favorable growth conditions arise. The morphological characteristics of Penicillium species include septate hyphae, conidiophores that branch in a distinctive penicillus-like structure, and pigmented conidia. Colony appearance varies depending on the species and growth medium, but many species exhibit blue-green, yellow, or white pigmentation. While traditional taxonomy relied on morphological features, advancements in molecular phylogenetics have significantly improved species identification, revealing cryptic diversity within the genus. Techniques such as Internal Transcribed Spacer region of the ribosomal DNA(ITS rDNA) sequencing and whole-genome analysis have provided deeper insights into the genetic relationships and functional diversity of Penicillium species (Samson et al., 2019). Many Penicillium species have beneficial applications in biotechnology, agriculture, and medicine. The most well-known example is Penicillium rubens (formerly P. chrysogenum), which produces penicillin, the first widely used antibiotic discovered by Alexander Fleming in 1928. Additionally, Penicillium species play an essential role in food production, contributing to the ripening and flavor development of blue-veined cheeses such as Roquefort and Gorgonzola. Industrial enzymes derived from Penicillium strains, including pectinases, cellulases, and lipases, are widely used in food processing, textile production, and biofuel generation (De Hoog et al., 2021). Despite their numerous benefits, some Penicillium species pose serious risks to food safety and human health due to their ability to produce mycotoxins. Among these, citrinin, patulin, and ochratoxin A are particularly concerning, as they are associated with nephrotoxicity, hepatotoxicity, and carcinogenicity in humans and animals. Penicillium citrinum, P. expansum, and P. verrucosum are notable producers of these mycotoxins, which frequently contaminate cereals, fruits, nuts, and dairy products, leading to regulatory concerns and economic losses in the food industry (Frisvad & Samson, 2018). The presence of mycotoxigenic Penicillium species in indoor environments can also contribute to respiratory problems and allergic reactions, making their control a priority in food storage and building maintenance. In recent years, research on Penicillium species has expanded to explore their biotechnological potential beyond antibiotics and enzymes. Some strains exhibit biocontrol properties, inhibiting plant pathogens and reducing postharvest spoilage. Others are being investigated for their ability to degrade environmental pollutants, including heavy metals and hydrocarbons, offering promising applications in bioremediation (Gonçalves et al., 2020). Understanding the genetic and metabolic pathways responsible for these capabilities can further enhance the exploitation of Penicillium species for sustainable industrial and environmental applications. Despite their economic and ecological significance, Penicillium species remain underexplored in certain areas, particularly concerning their potential role in human health beyond mycotoxin production. Some studies suggest that certain strains may produce bioactive compounds with antifungal, anticancer, and immunomodulatory properties, opening new avenues for pharmaceutical applications (Zhang et al., 2022). However, the dual nature of Penicillium as both a beneficial and harmful microorganism necessitates continuous monitoring, improved detection methods, and regulatory frameworks to minimize risks associated with mycotoxin contamination while maximizing their biotechnological potential. With growing advancements in genomic research, synthetic biology, and metabolomics, the future of Penicillium research holds great promise. Unlocking the full metabolic potential of these fungi can lead to novel drug discoveries, improved food production methods, and sustainable biotechnological innovations. However, challenges such as antifungal resistance, climate change-driven shifts in fungal distribution, and the emergence of new toxigenic strains underscore the need for continued interdisciplinary research on Penicillium species (Cabañes et al., 2021).
Citrinin is a mycotoxin produced by several fungal species, primarily from the genera Penicillium, Aspergillus, and Monascus. It was first discovered in Penicillium citrinum in 1931 and has since been identified in various food and feed products, raising significant concerns about its toxic effects on human and animal health (Zhang et al., 2018). Citrinin contamination is particularly prevalent in stored grains, nuts, fruits, and dairy products, as well as in fermented food items such as red yeast rice, which is commonly used in traditional Asian medicine and food coloring (Liu et al., 2020). Due to its nephrotoxic, hepatotoxic, and genotoxic properties, citrinin is regarded as a major food safety hazard, necessitating strict regulatory monitoring and control measures worldwide. Structurally, citrinin belongs to the polyketide class of secondary metabolites, characterized by a benzophenone-like structure. It is a yellow crystalline compound with relatively high stability under normal storage conditions but can degrade into other toxic metabolites when exposed to heat and light. Recent studies have identified citrinin derivatives, such as dihydrocitrinone, which exhibit even greater toxicity than the parent compound (Zhou et al., 2021). The biosynthesis of citrinin involves a complex enzymatic pathway governed by polyketide synthase genes, with regulatory mechanisms that vary between fungal species. Advances in genomic and transcriptomic analysis have provided deeper insights into citrinin biosynthetic gene clusters, offering potential strategies for targeted mycotoxin mitigation (He & Cox, 2019). The toxicological effects of citrinin have been extensively studied in both in vitro and in vivo models. The kidney is the primary target organ, with citrinin exposure leading to nephropathy characterized by oxidative stress, mitochondrial dysfunction, and apoptotic cell death. Chronic exposure to low doses of citrinin has been linked to renal fibrosis and progressive kidney damage, particularly in animals consuming contaminated feed (Geng et al., 2021). In addition to nephrotoxicity, citrinin has been shown to exert hepatotoxic effects by inducing liver enzyme dysregulation, lipid peroxidation, and inflammation. Emerging evidence also suggests a potential role in carcinogenesis, as citrinin has been found to cause DNA damage, chromosomal aberrations, and cell cycle arrest in human cell lines (Shi et al., 2022). Human exposure to citrinin primarily occurs through dietary consumption of contaminated food products. Regulatory agencies, including the European Food Safety Authority (EFSA) and the U.S. Food and Drug Administration (FDA), have established maximum allowable limits for citrinin in food and feed to minimize health risks, EFSA set 0.2 micrograms/kilogram, EU 2micrograms/kilogram but FDA has not set an official limits, but check food supplements and removes any that have unsafe amount of citrinin. However, the global nature of food trade poses challenges in maintaining strict surveillance, particularly in developing countries where mycotoxin testing infrastructure is limited. Traditional mycotoxin detection methods, such as high-performance liquid chromatography (HPLC) and enzyme-linked immunosorbent assays (ELISA), have been widely used for citrinin quantification, but recent advancements in biosensor technology and molecular diagnostics offer more rapid and sensitive detection approaches (Wang et al., 2020). Beyond food safety concerns, citrinin contamination has significant economic implications for the agricultural and food industries. Contaminated crops and food products often require disposal, leading to financial losses for farmers and manufacturers. Additionally, livestock consuming citrinin-contaminated feed can suffer from reduced productivity, weight loss, and reproductive issues, further exacerbating economic burdens. Strategies for citrinin mitigation include improved storage conditions, biocontrol approaches using antagonistic microorganisms, and the development of detoxification methods such as enzymatic degradation and adsorption techniques (Haque et al., 2021). Recent research has explored potential applications of citrinin and its derivatives in pharmaceutical and biotechnological fields. Despite its toxic properties, some studies suggest that citrinin exhibits antimicrobial and anticancer activities at controlled concentrations, warranting further investigation into its potential therapeutic uses. However, the risks associated with citrinin exposure currently outweigh its potential benefits, necessitating continued efforts in risk assessment, regulatory compliance, and food safety research (Sun et al., 2022). As climate change alters global temperature and humidity patterns, the prevalence of citrinin-producing fungi is expected to increase, posing new challenges for food security and public health. Future research should focus on developing integrated mycotoxin management strategies, including genetic engineering approaches to inhibit citrinin biosynthesis, the use of probiotics to degrade mycotoxins in the gut, and improved regulatory frameworks to minimize exposure risks. The interplay between environmental factors, fungal metabolism, and human health underscores the need for a multidisciplinary approach in addressing citrinin contamination and its associated hazards (Rai et al., 2023).
1.1 LITERATURE REVIEW
Several studies have reported the widespread contamination of food and feed with citrinin. For instance, Liu et al. (2021) conducted an extensive survey on cereals, fruits, and dairy products, revealing that over 30% of tested samples contained citrinin levels exceeding regulatory limits. These findings underscore the need for improved detection and mitigation strategies to reduce dietary exposure. Another study by Geng et al. (2021) investigated the occurrence of citrinin in Asian fermented foods, demonstrating its persistent presence in red yeast rice, a popular food additive. A study by Sun et al. (2022) explored the molecular mechanisms of citrinin-induced nephrotoxicity, showing that oxidative stress and mitochondrial dysfunction play critical roles in renal cell apoptosis. Similar findings were reported by Zhou et al. (2021), who demonstrated that citrinin exposure leads to DNA damage and chromosomal aberrations, raising concerns about its potential carcinogenicity. In animal models, citrinin has been shown to induce kidney fibrosis and liver inflammation, further supporting its classification as a high-risk mycotoxin (He & Cox, 2019). Detection methods have also been an area of active research. Traditional techniques such as high-performance liquid chromatography (HPLC) and enzyme-linked immunosorbent assays (ELISA) have been widely used to quantify citrinin levels in food (Wang et al., 2020). However, recent advancements in biosensor technology and molecular diagnostics have led to more rapid and sensitive detection methods. For example, Haque et al. (2021) developed a novel fluorescence-based biosensor capable of detecting citrinin at nanomolar concentrations, offering a promising alternative for food safety monitoring. Research on citrinin mitigation strategies has expanded significantly. Various physical, chemical, and biological approaches have been investigated to reduce citrinin contamination in food and feed. Rai et al. (2023) explored the use of probiotic bacteria to degrade citrinin in contaminated food, demonstrating a significant reduction in toxin levels. Similarly, enzymatic degradation techniques using citrinin-degrading enzymes have shown potential in detoxification (Liu et al., 2020). A study by Zhou et al. (2021) found that citrinin exposure leads to hepatic fibrosis in rodents, suggesting that prolonged dietary exposure may contribute to chronic liver diseases. Additionally, research by Liu et al. (2021) showed that citrinin suppresses immune function by inhibiting cytokine production and impairing T-cell responses, raising concerns about its impact on immune-compromised individuals. Recent findings have also highlighted citrinin’s potential carcinogenic effects. Although it is not classified as a confirmed human carcinogen, studies suggest that citrinin may act as a co-carcinogen by inducing DNA damage and promoting tumorigenesis. For example, He and Cox (2019) demonstrated that citrinin exposure enhances the mutagenic effects of other mycotoxins, such as aflatoxins, by disrupting DNA repair mechanisms. This has led to growing concerns about its long-term impact on public health, particularly in populations with high dietary exposure. Numerous studies have examined the prevalence of citrinin contamination in food and feed products, revealing its widespread occurrence in grains, dairy, fermented foods, and even dietary supplements. Research by Wang et al. (2020) analyzed citrinin contamination levels in rice and wheat samples across multiple countries, reporting contamination rates exceeding regulatory limits in over 25% of tested samples. Similarly, Geng et al. (2021) focused on fermented foods, particularly red yeast rice, a widely consumed traditional food product known to contain citrinin due to fungal fermentation. Their findings emphasized the difficulty of eliminating citrinin from such products without affecting their desired characteristics. In addition to dietary exposure, occupational exposure to citrinin has also been studied. Agricultural workers, millers, and food handlers are at higher risk due to inhalation of airborne fungal spores containing citrinin. A study by Haque et al. (2021) analyzed occupational exposure in grain storage facilities and found that workers had significantly higher urinary citrinin levels compared to the general population. This raises concerns about the need for improved workplace safety measures and exposure monitoring in high-risk industries. The detection of citrinin in food, feed, and biological samples has been a major research focus, leading to the development of various analytical techniques. Traditional methods such as high-performance liquid chromatography (HPLC) and enzyme-linked immunosorbent assays (ELISA) have been widely used, offering high sensitivity and specificity. However, these techniques are often expensive and require specialized laboratory equipment, limiting their accessibility in resource-limited settings (Wang et al., 2020). Recent advancements have led to the development of more rapid and cost-effective detection methods. A study by Rai et al. (2023) introduced a biosensor-based detection system that utilizes fluorescence and electrochemical signals to detect citrinin at nanomolar concentrations. Similarly, Liu et al. (2020) explored the use of molecularly imprinted polymers for citrinin detection, providing an innovative approach for on-site testing. These advancements are critical for improving food safety monitoring and reducing the risk of citrinin exposure. Efforts to mitigate citrinin contamination have focused on physical, chemical, and biological detoxification methods. Traditional approaches include heat treatment, ultraviolet (UV) irradiation, and chemical detoxification using ozone or ammonia. However, these methods have limitations, as they can alter food properties or produce toxic byproducts (Wang et al., 2020). Recent studies have explored biological detoxification as a more sustainable alternative. For instance, Haque et al. (2021) demonstrated that certain probiotic bacteria, such as Lactobacillus strains, can degrade citrinin into non-toxic metabolites. Similarly, enzymatic degradation methods using citrinin-degrading enzymes have shown promise in reducing toxin levels in contaminated food products (Rai et al., 2023). Further research is needed to optimize these approaches and assess their feasibility for large-scale application. Several theoretical frameworks have guided citrinin research, particularly in toxicology, food safety, and microbiology. The dose-response theory has been widely used to assess citrinin toxicity, demonstrating a clear relationship between exposure levels and adverse health effects (Shi et al., 2022). Additionally, the oxidative stress hypothesis has provided insights into citrinin’s mechanism of action, highlighting its role in generating reactive oxygen species (ROS) and inducing cellular damage (Sun et al., 2022). From a food safety perspective, the Hazard Analysis and Critical Control Points (HACCP) framework has been applied to minimize citrinin contamination during food production and storage (Geng et al., 2021). This approach emphasizes risk assessment, monitoring, and preventive measures to ensure compliance with regulatory standards.
Despite extensive research on Penicillium citrinin toxin, several gaps remain that warrant further investigation. These gaps exist across multiple aspects, including toxicology, exposure assessment, detection techniques, mitigation strategies, and public health impact. Identifying these gaps is crucial for guiding future research efforts aimed at reducing citrinin-associated risks and improving food safety regulations. While the nephrotoxic and hepatotoxic effects of citrinin are well established, research on its long-term impact on human health remains limited. Most toxicological studies have been conducted in animal models over short durations, leaving a significant gap in understanding chronic low-dose exposure effects in humans (Sun et al., 2022). Epidemiological studies linking citrinin exposure to kidney diseases, liver disorders, or carcinogenicity are scarce, and more population-based studies are needed to assess its role in chronic illnesses (Zhou et al., 2021). Additionally, the potential synergistic effects of citrinin with other mycotoxins, such as ochratoxin A and aflatoxins, remain underexplored (Wang et al., 2020). Despite the widespread occurrence of citrinin in food and agricultural products, accurate exposure assessment in humans is challenging. Most studies rely on food sample analyses rather than direct biomonitoring in individuals (Geng et al., 2021). The development of reliable biomarkers for citrinin exposure, such as urinary metabolites, could significantly improve risk assessment. Moreover, variations in dietary habits and food processing techniques influence citrinin exposure levels, requiring region-specific studies to develop more accurate exposure models (Haque et al., 2021). Regulatory guidelines for citrinin exposure vary between countries, leading to inconsistencies in risk assessment and food safety enforcement. The European Food Safety Authority (EFSA) has set strict limits on citrinin in food products, particularly red yeast rice, while the U.S. Food and Drug Administration (FDA) has yet to establish definitive exposure thresholds (Wang et al., 2020). This regulatory disparity highlights the need for harmonized global standards based on updated toxicological and epidemiological data. Furthermore, more research is required to establish safe exposure limits that account for vulnerable populations, such as pregnant women, children, and individuals with pre-existing kidney conditions (Shi et al., 2022). Although advances in citrinin detection methods have improved analytical sensitivity, many techniques remain expensive, time-consuming, and inaccessible in low-resource settings. Traditional methods such as high-performance liquid chromatography (HPLC) and enzyme-linked immunosorbent assays (ELISA) require specialized laboratories, limiting their applicability for routine food safety monitoring (Liu et al., 2021). Emerging technologies, such as biosensors and nanotechnology-based assays, show promise for real-time monitoring, but further validation studies are needed to assess their accuracy, reliability, and cost-effectiveness for large-scale application (Rai et al., 2023). Most citrinin detoxification strategies focus on physical or chemical methods, such as heat treatment and UV irradiation, which may alter food properties or produce harmful byproducts (Wang et al., 2020). While some studies have explored biological degradation using probiotic bacteria and enzymatic detoxification, these approaches remain in early experimental stages (Haque et al., 2021). More research is required to identify effective microbial strains and enzymes capable of degrading citrinin safely without compromising food quality. Additionally, optimizing bioremediation techniques for large-scale application could help reduce citrinin contamination in food and feed products. The biosynthetic pathway of citrinin is only partially understood, with gaps in knowledge regarding the regulatory genes and environmental factors influencing toxin production (Grollman et al., 2017). Further genomic and transcriptomic studies on Penicillium citrinum could provide insights into gene regulation mechanisms and potential genetic targets for controlling citrinin synthesis (Shi et al., 2022). Understanding these molecular pathways could also aid in developing antifungal strategies to prevent citrinin contamination at the source. While dietary exposure to citrinin has been extensively studied, occupational exposure remains largely overlooked. Agricultural workers, millers, and food handlers are at risk of inhaling airborne fungal spores containing citrinin, yet few studies have investigated the potential respiratory effects and systemic absorption of inhaled citrinin (Haque et al., 2021). Future research should assess occupational exposure risks and develop protective measures to minimize health hazards for workers in high-risk industries. Consumer awareness regarding citrinin contamination in food remains low, with limited public health campaigns addressing mycotoxin risks. Studies suggest that many individuals, especially in developing regions, lack knowledge about foodborne mycotoxins and their potential health effects (Geng et al., 2021). Research should explore effective communication strategies to educate consumers about citrinin risks, proper food storage, and preventive measures to reduce exposure. Public health interventions, including food labeling regulations and consumer awareness programs, could play a vital role in mitigating citrinin-related health risks.
One of the primary debates surrounding citrinin revolves around its toxicity in humans. While multiple animal studies have confirmed its nephrotoxic, hepatotoxic, and immunotoxic effects, direct evidence of citrinin-induced toxicity in humans remains limited (Shi et al., 2022). Some researchers argue that existing toxicological data from animal models are sufficient to classify citrinin as a significant human health risk (Wang et al., 2020). Others contend that due to the absence of large-scale human studies, the true impact of citrinin on human health remains inconclusive (Geng et al., 2021). This ongoing debate has implications for risk assessment and regulatory decisions regarding citrinin exposure limits. There is no global consensus on the permissible limits of citrinin in food and feed products. The European Food Safety Authority (EFSA) has set strict limits on citrinin levels, particularly in red yeast rice, due to its potential nephrotoxicity (EFSA, 2019). In contrast, the U.S. Food and Drug Administration (FDA) has not established a definitive regulatory threshold, arguing that more toxicological data are needed before imposing strict regulations (Zhou et al., 2021). This regulatory inconsistency raises concerns about the effectiveness of existing policies in protecting consumers from citrinin-related health risks. Some researchers advocate for a harmonized global standard, while others argue that regulatory thresholds should be determined based on region-specific dietary habits and exposure patterns (Haque et al., 2021). Another ongoing debate concerns the interaction between citrinin and other mycotoxins, particularly ochratoxin A. Some studies suggest that citrinin acts synergistically with ochratoxin A, exacerbating its nephrotoxic effects (Sun et al., 2022). This has led to concerns that even low levels of citrinin exposure could pose significant health risks when combined with other mycotoxins. However, other researchers argue that the evidence supporting this synergistic effect is insufficient and that more mechanistic studies are required to confirm this interaction (Liu et al., 2021). The debate over citrinin’s role in multi-mycotoxin toxicity highlights the need for further research into its interactions with other foodborne toxins. The accuracy and reliability of citrinin detection methods are another source of contention. Traditional detection methods, such as high-performance liquid chromatography (HPLC) and liquid chromatography-mass spectrometry (LC-MS), are widely used for citrinin analysis. However, critics argue that these methods are time-consuming, expensive, and require specialized laboratories, making them impractical for large-scale food safety monitoring (Rai et al., 2023). On the other hand, rapid detection methods, such as enzyme-linked immunosorbent assays (ELISA) and biosensors, have been proposed as cost-effective alternatives. However, some researchers question the sensitivity and specificity of these newer methods, arguing that further validation studies are needed before they can replace conventional techniques (Shi et al., 2022). The debate over the best approach to mitigate citrinin contamination continues among scientists and industry stakeholders. Chemical and physical detoxification methods, such as UV irradiation and heat treatment, have been shown to reduce citrinin levels in contaminated products (Wang et al., 2020). However, these methods often raise concerns about food quality deterioration and the formation of potentially harmful degradation products. Some researchers advocate for biological detoxification using probiotic bacteria and enzymatic degradation, arguing that these methods offer a safer and more sustainable alternative (Haque et al., 2021). However, critics highlight the need for more research to optimize these biological approaches for large-scale application. The lack of a universally accepted detoxification strategy underscores the complexity of managing citrinin contamination effectively. There is a growing discussion on how climate change may impact citrinin contamination in food crops. Some researchers suggest that rising global temperatures and increased humidity create favorable conditions for Penicillium species to thrive, potentially leading to higher citrinin contamination levels (Zhou et al., 2021). This perspective supports the argument for stricter monitoring and adaptive food safety policies to address climate-related risks. However, skeptics argue that while climate change may influence fungal growth patterns, other factors such as agricultural practices and post-harvest storage conditions play a more significant role in citrinin contamination (Geng et al., 2021). This debate highlights the need for interdisciplinary research to assess the long-term impact of climate change on mycotoxin prevalence. The economic implications of citrinin regulations and mitigation strategies have also been a point of contention. Stricter regulations on citrinin levels could lead to increased food waste, higher production costs, and economic losses for farmers and food manufacturers (Rai et al., 2023). Some industry stakeholders argue that overly stringent citrinin regulations could disproportionately affect small-scale farmers in developing countries who lack access to advanced detection and mitigation technologies. Conversely, public health advocates emphasize that prioritizing food safety over economic concerns is necessary to prevent long-term health consequences associated with citrinin exposure (Shi et al., 2022). Balancing economic viability with public health protection remains a challenge in policymaking.
1.2  STATEMENT OF PROBLEM 
· There is limited local research on the presence and potency of citrinin from fruits like bananas.
· Low-cost, simple methods for citrinin detection are lacking, making food safety monitoring difficult.
· Despite global awareness of citrinin’s toxicological effects such as immunotoxicity, neurotoxicity, and genotoxicity contamination in food chains remains a persistent challenge due to inadequate storage conditions, limited surveillance, and insufficient public awareness. 
· The variation in citrinin toxicity at different concentrations and its organ-specific effects in mammals are still under-researched, particularly in vivo studies involving animal models. 
1.3. JUSTIFICATION OF STUDY
The presence of Penicillium citrinin in food products, particularly fruits and their derivatives, poses a significant public health concern due to its ability to produce citrinin a mycotoxin with confirmed toxic effects. Although regulatory bodies like the WHO and EFSA have established safety limits, citrinin contamination remains underreported in many regions, especially in developing countries with limited food quality monitoring. Studying the toxicity of citrinin at varying concentrations using animal models provides essential data on dose-dependent pathological effects, which is crucial for refining health guidelines. This study also helps to bridge existing gaps in citrinin toxicology, contributes to global efforts on food safety, and supports the development of effective mitigation strategies.
1.4 AIMS AND OBJECTIVES 
This study aim check the potency of Penicillium citrinin toxin at vary degree of concentration
Objectives 
1. To isolate Penicillium citrinum from overripe bananas
2. To subject it to toxin production.
3. To confirm the toxin produced
4. To evaluate the toxic effects on an animal model (rat).





CHAPTER TWO
2.0 MATERIALS AND METHOD
2.1 Materials
Overripe banana, conical flakes, beakers, cotton wool, aluminum foil paper, wire loop, spirit lamp, matches, stirring rod, 70% dilute ethanol, petri dishes, distilled water, Lacto phenol cotton blue, nose mask, gloves, autoclaves, incubator, glass slide, test tubes, centrifuge, wistar rats, oral feeding syringe, digital weighing scale, microscope and spatula, antibiotics (streptomycin), rotary shaker, hot air oven, dissecting instrument.
2.2 Sterilization of Equipment and Environment
All working surfaces were disinfected using 70% ethanol, and glassware such as conical flasks, beakers, and test tubes were washed with distilled water and sterilized in a hot-air oven at 160°C for 1 hour, as recommended in microbiology lab safety guidelines (Apha, 2017; Cheesbrough, 2018).
2.3 Sample Collection, Sample Processing and Culturing
A pieces of overripe banana was brought from a fruit seller, at kwara state polytechnic gate junction, Ilorin, Kwara state. The banana was first washed with distilled water, then cleaned with cotton wool soaked with 70% ethanol before washing again with distilled water. Afterward it was peeled and cut into four (4) pieces with measurements of 0-2cm length. It was then transferred into a clean beaker and 10ml of distilled water was measured and pour into it, then mixed together. After the agar plates have solidify, 0.1ml of serial dilution 10-² and 10-³ were taking from each tubes and inoculated on corresponding labelled agar plate. After Inoculation, all the plates was placed invertedly, wrapped with foil paper, and incubated at room temperature (25⁰c) for 3-days 
2.4 Media preparation 
The media used namely Potato Dextrose Agar (PDA) and Potato Dextrose Broth (PDB) were prepared according to the manufacturer instructions and sterilized by autoclaving at 121°C for fifteen minutes. Upon cooling, 1 mL of streptomycin was aseptically added to prevent bacterial contamination, and approximately 250 mL of the medium was poured into petri dishes and left to solidify (Pitt & Hocking, 2021).
2.5 Serial Dilution 
Four (4) test tube labelled 10-¹ to 10-4 was placed in a tube rack and each tube was filled with 9ml of distilled water using 10ml needle and syringe, then from the prepared banana sample in a beaker (Initial suspension), 1ml was withdraw and transferred into 10-¹, from 10-¹ 1ml was withdraw and transferred into 10-², from 10-² 1ml was withdraw and transferred into 10-³, from 10-³ 1ml was withdraw and transferred into 10-⁴ respectfully 
2.6 Classification and Identification 
Macroscopic features of colonies were observed after 4 days. For microscopic identification, a small portion of fungal growth was stained with lactophenol cotton blue on a microscope slide, covered with a cover slip, and examined under a microscope to observe spore structures and hyphal arrangements (Cheesbrough, 2018; Pitt & Hocking, 2021).
2.7 Subculturing 
Emerging fungal colonies were subcultured onto fresh PDA plates to obtain pure isolates. These were incubated under the same conditions for 7days (Watanabe, 2017).
2.8 Toxin Extraction 
Pure fungal isolates grown on PDA were transferred into PDB in sterile flasks, placed on a rotary shaker for 3 days to stimulate mycelial growth and secondary metabolite productions then left undisturbed for 5 more days at room temperature to complete patulin biosynthesis (Kabak et al., 2019).
2.9 Separation of Biomass 
The culture was gently swirled and aliquoted into test tubes filled to three-quarters capacity, then centrifuged at 4000–6000 rpm for 10–15 minutes. The supernatant, containing the crude toxin, was collected, while the pellet (fungal biomass) was discarded.
2.10 Preparation of Citrinin Concentrations
The crude toxin filtrate (supernatant), regarded as the 100% concentration, was diluted using sterile distilled water to obtain lower concentrations of citrinin. Each prepared concentration was measured into a sterile test tube as follows:
100% concentration: 5 mL of undiluted crude citrinin filtrate.
80% concentration: 4 mL of crude citrinin filtrate mixed with 1 mL of sterile distilled water.
60% concentration: 3 mL of crude citrinin filtrate mixed with 2 mL of sterile distilled water.
50% concentration: 2.5 mL of crude citrinin filtrate mixed with 2.5 mL of sterile distilled water. Each mixture was homogenized and labeled accordingly for further use.
2.11 Identification and Grouping of Experimental Rats
Four healthy albino rats of uniform age but varying weights were selected and housed under hygienic conditions for a 3-day acclimatization period. They were provided with feed and water ad libitum, following animal care guidelines (National Research Council [NRC], 2018). To ensure proper identification and monitoring, each rat was marked with a distinct, non-toxic color corresponding to its treatment group. The rats were grouped based on the concentration of Penicillium citrinium toxin they received as follows:
Blue – 100% concentration
Red – 80% concentration
Green – 60% concentration
Black – 50% concentrations. The color marking was maintained throughout the experiment for accurate tracking and observation.
 2.12 Toxin Administration
Each rat was orally administered 0.5 mL of its designated toxin concentration daily for 3 days using a sterile syringe without a needle. Observations for signs of toxicity (weight loss, physical changes, feeding behavior, etc.) were recorded over 6 days post-administration in a structured logbook, as per toxicological assessment standards (OECD, 2017).
2.13 Dissection and Post-Mortem Examination
At the end of the experiment, rats were euthanized, and post-mortem analysis was performed. Organs (liver, kidney, intestine, and heart) were examined macroscopically for abnormalities such as discoloration, swelling, and enlargement, in line with pathological evaluation protocols (Chinwe et al., 2021).












CHAPTER THREE
3.0 RESULTS
Table 1: Characterization and identification of fungal isolates
	Cultural feature on PDA
	Microscopic characteristics

	Initially white, rapidly turning bluish-green

Powdery colonies 
Rapid growth rate
	Septate
Smooth, and branched often terminate in brush-like structure (penicillin)
Smooth to roughened born in unbranched chains



Table 2: Daily Observation for 100% conc. Toxin Administration in Rats
	Day
	General appearance
	Behavior 
	Locomotion 
	Feeding & drinking
	Respiration 
	Eye & nose
	Excretion 
	Skin color

	1
	Normal
	Normal
	Normal 
	Excessive
	Normal
	Normal
	Normal
	Normal

	2
	Normal
	More active
	Normal
	Excessive
	Normal
	Normal
	Normal
	Normal

	3
	Not normal
	Active
	Normal
	Excessive
	Normal
	Normal
	Normal
	Normal

	4
	Active
	Not normal
	Normal
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	5
	Abnormal
	Less active
	Slow
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	6
	Abnormal
	Aggressive
	Normal
	Reduce
	Tachypnea
	Normal
	Normal
	Normal

	7
	Abnormal
	Less active
	Normal
	Reduce
	Palpitation
	Normal
	Normal
	Abnormal

	8
	Abnormal
	Death
	
	
	
	
	
	



Table 3: Daily Observation for 80% conc. Toxin Administration in Rats
	Day
	General appearance
	Behavior 
	Locomotion 
	F]eeding & drinking
	Respiration 
	Eye & nose
	Excretion 
	Skin color

	1
	Normal
	Normal
	Normal 
	Excessive
	Normal
	Normal
	Normal
	Normal

	2
	Normal
	Less active
	Normal
	Excessive
	Normal
	Normal
	Normal
	Normal

	3
	Not active
	Active
	Normal
	Excessive
	Tachypnea
	Normal
	Normal
	Normal

	4
	Not active
	Not normal
	Dull
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	5
	Abnormal
	Less active
	Slow
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	6
	Abnormal
	Aggressive
	Normal
	Reduce
	Tachypnea
	Blind
	Normal
	Normal

	7
	Abnormal
	Less active
	Normal
	Reduce
	Palpitation
	Blind
	Normal
	Abnormal

	8
	Abnormal
	Death
	
	
	
	
	
	


Table 4: Daily Observation for 60% conc. Toxin Administration in Rats
	Day
	General appearance
	Behavior 
	Locomotion 
	Feeding & drinking
	Respiration 
	Eye & nose
	Excretion 
	Skin color

	1
	Normal
	Normal
	Normal 
	Excessive
	Normal
	Normal
	Normal
	Normal

	2
	Normal
	Active
	Normal
	Excessive
	Normal
	Normal
	Normal
	Normal

	3
	Not active
	Active
	Normal
	Excessive
	Tachypnea
	Normal
	Normal
	Normal

	4
	Active
	Active
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal

	5
	Active
	Less active
	Slow
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	6
	Abnormal
	Aggressive
	Normal
	Reduce
	Tachypnea
	Normal
	Normal
	Normal

	7
	Abnormal
	Less active
	Normal
	Reduce
	Palpitation
	Normal
	Normal
	Abnormal

	8
	Abnormal
	Alive
	Slow
	Reduce
	Irritation
	Normal
	Normal
	Pale


Table 5: Daily Observation for 50% conc. Toxin Administration in Rats
	Day
	General appearance
	Behavior 
	Locomotion 
	Feeding & drinking
	Respiration 
	Eye & nose
	Excretion 
	Skin color

	1
	Normal
	Normal
	Normal 
	Excessive
	Normal
	Normal
	Normal
	Normal

	2
	Normal
	More active
	Normal
	Excessive
	Normal
	Normal
	Normal
	Normal

	3
	Not active
	Active
	Normal
	Excessive
	Nor]mal
	Normal
	Normal
	Normal

	4
	Active
	Not active
	Normal
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	5
	Active
	Less active
	Slow
	Normal
	Tachypnea
	Normal
	Normal
	Normal

	6
	normal
	Aggressive
	Normal
	Reduce
	Tachypnea
	Normal
	Normal
	Normal

	7
	Abnormal
	Less active
	Normal
	Reduce
	Palpitation
	Normal
	Normal
	Abnormal

	8
	Abnormal
	Alive
	Slow
	Reduce
	Irritation
	Normal
	Normal
	Pale






Table 6: Post-Mortem Gross Pathological Findings
	Rat ID 
	Heart Condition 
	Intestine Condition 
	Liver Condition 
	Kidney Condition 

	Red
	Still breathing 
	Tiny and Whitish
	Has dark spot
	Pale

	Black
	All the blood has dried
	Tiny and Whitish 
	Nil
	Not fresh 









CHAPTER FOUR
4.0 DISCUSSION AND CONCLUSION 
4.1 Discussion of Results 
The findings of this study provide clear evidence of the toxic potential of Penicillium citrinum and its metabolite, citrinin, aligning with previous toxicological investigations on fungal secondary metabolites. Table 1, confirms the identification of the fungal isolate. The observation of bluish-green coloration, a powdery texture, septate and branched hyphae along with a penicillus-like arrangement of conidiophores, and chains of round to elliptical conidia, aligns with the defining features of the Penicillium genus as outlined by Smith & Read (2018) and De Vries et al. (2019).
Tables 2 through 5 detail the physiological and behavioral effects observed in rats administered with varying concentrations of the citrinin toxin over an 8-day period. Table 2, representing 100% toxin concentration, showed early onset of abnormal behavior including lethargy, aggression, and reduced feeding by Day 4. By Day 7, severe symptoms such as palpitations and abnormal skin coloration were observed, and one rat was dead by Day 8. This pattern of dose-dependent toxicity corresponds with findings by Flajs and Peraica (2009), who reported nephrotoxicity and behavioral changes in rats exposed to high doses of citrinin. In Table 3, where rats were administered 80% toxin concentration, the onset of symptoms appeared slightly delayed but followed a similar trajectory. Symptoms such as d]ullness, slow locomotion, fast breathing, and eventual death by Day 8 were observed. This aligns with the work of O’Brien et al. (2001), who noted progressive organ damage and behavioral alterations at sub-lethal citrinin doses. At 60% concentration (Table 4), the rats showed milder but noticeable symptoms, including slow movement, less active behavior, and pale skin by Day 8. Notably, no deaths were recorded. These results mirror those of Bennet and Klich (2003), who found that moderate citrinin exposure causes reversible physiological stress without immediate lethality. In Table 5, representing 50% toxin concentration, the least severe symptoms were recorded. Behavioral changes such as aggression and low consumption were noted by Day 6, with signs of pallor and irregular respiration observed towards Day 8, but all rats remained alive. These findings reinforce the dose-response relationship of citrinin toxicity, consistent with research by Zöllner and Mayer-Helm (2006), who demonstrated cumulative sub-lethal effects of mycotoxins.
The post-mortem findings in Table 6 provide anatomical evidence supporting the in vivo observations. The rat identified as Red, from the 100% concentration group, exhibited a pale kidney and dark spots on the liver, which are indicators of citrinin-induced nephrotoxicity and hepatotoxicity, as also documented by Speijers and van Egmond (1993). Similarly, the Black rat showed dried blood and tiny whitish intestines, suggesting dehydration and intestinal shrinkage due to systemic toxicity.
4.2 CONCLUSION 
This study successfully demonstrated the isolation and identification of Penicillium citrinum and the preparation of its citrinin toxin, revealing significant dose-dependent toxic effects in rat models. High concentrations induced severe symptoms such as weight loss, behavioral changes, and mortality, while lower doses had minimal impact. These findings align with established research on citrinin’s nephrotoxic and neurotoxic effects, emphasizing its potential risk to animal and human health. The study underscores the importance of monitoring fungal contamination in food products and highlights the need for stricter regulations to mitigate citrinin exposure and its associated public health risks.
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