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ABSTRACT

Penicillium species are known producers of patulin, a toxic secondary metabolite
frequently found in decaying fruits and other food products. Patulin contamination
poses serious health risks, including genotoxicity,immunosuppression, and
hepatotoxicity. This study investigated the potency of patulin toxin produced by

Penicilliumexpansum,using albino rats as biological models.

The fungus was isolated from contaminated food samples and cultured on suitable
media to enhance patulin production. The toxin was extracted, confirmed, and
orally administered to test animals in varying concentrations (100%, 80%, 60%,
and 50%) over a period of six days. The rats were observed daily for behavioral
changes, physical appearance, and weight variations. At the end of the study,

internal organs were examined macroscopically and histologically.

The results demonstrated clear dose-dependent toxic effects. These included
weight loss, lethargy, fur roughness, discoloration of internal organs, and
histopathological damage to liver and kidney tissues. The findings are consistent
with existing literature, affirming patulin’s harmful effects and its role as a public

health concern.

This study reinforces the need for strict monitoring and regulation of mycotoxins

in food products. It contributes valuable insights into patulin toxicology and



emphasizes the importance of early detection and effective control measures to

safeguard public health.

Keywords: Penicillium, Patulin, Mycotoxin, Toxicity, Histopathology, Albino

Rats, Food Safety, Public Health.



CHAPTER ONE
1.0 INTRODUCTION

Fungi, as a kingdom of eukaryotic organisms, occupy a distinctive position
in biological classification, set apart from plants, animals, and bacteria by
their cellular composition and modes of reproduction. Characterized by their
heterotrophic nature, fungi absorb nutrients through the enzymatic
degradation of organic matter, playing a crucial role in decomposition and
nutrient cycling in ecosystems (Kumar et al., 2021). While some fungi are
beneficial used in food production, pharmaceuticals, and biotechnology
others are known for their pathogenic and toxigenic potentials. This
dichotomy highlights the importance of studying fungi not only for their
utility but also for the risks they pose, particularly in the form of
mycotoxins. Mycotoxins are secondary metabolites produced by certain
fungal species, particularly those belonging to the genera Aspergillus,
Fusarium, and Penicillium. Among these, Penicillium species are especially
significant in the context of food spoilage and toxin production. While the

genus is historically celebrated for Penicilliumchrysogenum, the source of



the antibiotic penicillin, it also includes toxigenic species such as
Penicilliumexpansum, which produces patulin a mycotoxin of considerable

concern in food safety (Puel et al., 2018).

Penicillium expansum, a filamentous fungus, is commonly found on
decaying fruits, especially apples and pears. Its ability to thrive in post-
harvest storage environments allows it to infiltrate fruit-processing chains,
leading to widespread contamination of fruit products. The mycotoxin
patulin is its principal metabolite of concern. Patulin is a polyketide
compound with a characteristic lactone ring that imparts biological activity
and toxicity. Structurally, it is a small molecule that remains stable under
mild heat and pH conditions, making it resistant to conventional food-
processing methods like pasteurization (Drusch & Ragab, 2021). Patulin is
not the only toxin associated with Penicillium species. Several other
secondary metabolites of toxicological interest include citrinin, ochratoxin
A, roquefortine C, and mycophenolic acid, produced by various Penicillium

strains (Pitt & Hocking, 2009). For example:



Citrinin: Produced by Penicilliumcitrinum and occasionally by Penicillium
expansum, this toxin primarily affects kidney function and has been

implicated in nephropathy in humans and animals (Flajs & Peraica, 2009).

Ochratoxin A (OTA): Though primarily produced by Aspergillusochraceus,
some Penicillium species also produce OTA, which is nephrotoxic,
carcinogenic, and teratogenic. It contaminates cereals, coffee, and dried

fruits (Petzinger & Weidenbach, 2021).

Roquefortine C: Found in blue cheese-producing species such as
Penicilliumroqueforti, it has neurotoxic effects at high concentrations,

though its presence in food is usually minimal (Frisvad et al., 2004).

Mycophenolic acid: An immunosuppressive agent originally isolated from
Penicillium  brevicompactum, used pharmacologically in transplant
medicine, but concerning when found in food products (Tiraboschi et al.,
2021). Among these, patulin remains the most prominent due to its
association with commonly consumed fruit products. Patulin’s toxicity
includes mutagenic, genotoxic, immunotoxic, and gastrointestinal effects.

Acute exposure causes symptoms such as nausea, vomiting, and intestinal



hemorrhaging, while chronic exposure has been linked to immune
suppression and neurotoxicity (Pfohl-Leszkowicz & Manderville, 2020).
The International Agency for Research on Cancer (IARC) currently
classifies patulin in Group 3, meaning it is not classifiable as to its
carcinogenicity to humans due to insufficient evidence (IARC, 2017).
Nevertheless, the compound’s potential to damage DNA and cellular
structures warrants strict monitoring and control. The global regulatory
concern about patulin has prompted numerous countries and international
bodies, including the World Health Organization (WHO) and Food and
Agriculture Organization (FAO), to establish maximum permissible levels in
food. The European Commission and United States Food and Drug
Administration (FDA) have set maximum limits for patulin in apple
products at 50 pg/kg for general products and 10-25 ug/kg for baby foods
(Codex Alimentarius, 2020). These standards reflect a precautionary
approach grounded in toxicological risk assessment studies conducted over
several decades. In the context of scientific studies aimed at evaluating
patulin’s potency and toxicological impact, controlled laboratory production

of the toxin is essential. The production process typically involves the



cultivation of Penicillium expansum under optimized growth conditions that
promote secondary metabolite synthesis. Low-cost production strategies

have been developed to minimize expenses while maintaining yield and
purity.

1.1 LITERATURE REVIEW

Early research by Riley and Norred (2018) explored the toxic effects of
patulin on rodents, revealing that oral administration led to gastrointestinal
disturbances, immunosuppression, and neurotoxicity. A follow-up study by
Wang et al. (2020) confirmed these findings, demonstrating that exposure to
patulin at high doses caused oxidative stress and cellular apoptosis in rat
liver and kidney tissues. Their study further identified a dose-dependent
relationship, where higher concentrations of patulin led to significant
disruptions in metabolic and inflammatory pathways. In another notable
experiment, Wu et al. (2019) administered patulin to mice and observed
neurobehavioral changes, indicating that the mycotoxin could affect
cognitive functions. The study linked patulin exposure to oxidative damage

in the brain, reduced antioxidant enzyme activity, and increased levels of



pro-inflammatory cytokines. Additionally, studies have investigated the
teratogenic and reproductive effects of patulin. A study by Escobar et al.
(2020) exposed pregnant rats to different concentrations of patulin, revealing
developmental abnormalities in offspring, including growth retardation and
organ malformations. This supports the theory that patulin interferes with
fetal development through endocrine disruption and DNA damage
mechanisms. Further research by Huang et al. (2022) examined patulin’s
immunotoxic effects, finding that it suppresses immune cell proliferation,
increasing susceptibility to infections. Their study suggested that patulin
modulates cytokine production, leading to immune system dysregulation. In
addition to animal models, in vitro studies using human and animal cell lines
have provided insights into patulin’s toxicity at the cellular level. A study by
Li et al. (2020) cultured human liver cells with varying concentrations of
patulin and observed increased apoptosis, mitochondrial dysfunction, and
DNA fragmentation. These results suggest that patulin-induced
hepatotoxicity may involve mitochondrial-mediated pathways, reinforcing
the oxidative stress theory. Furthermore, research by Kim et al. (2019) found

that patulin disrupts tight junction proteins in intestinal epithelial cells,



leading to increased intestinal permeability and gut inflammation. This
supports the growing body of evidence linking patulin exposure to

gastrointestinal disorders.

Despite extensive research on patulin, significant gaps remain regarding its
biosynthesis, detection, toxicity mechanisms, mitigation strategies and the
potency of toxin at different concentration. While studies have established
that Penicillium expansum is the primary producer of patulin, recent research
suggests that other fungal species, such as Aspergillus and Byssochlamys,
may also contribute to contamination in specific environmental conditions
(Li et al., 2020). However, limited studies have explored their role in patulin
production and how environmental factors influence toxin synthesis.
Understanding these variations is crucial for improving food safety
measures, especially in stored and processed fruits. Another critical research
gap involves the precise molecular mechanisms underlying patulin’s
toxicity. Studies have shown that patulin induces oxidative stress and
apoptosis in mammalian cells, but the signaling pathways involved remain

poorly defined (Zhang et al., 2021). For instance, while patulin has been



linked to mitochondrial dysfunction, the role of specific mitochondrial
proteins in mediating its toxic effects requires further investigation.
Additionally, the long-term effects of low-dose patulin exposure remain
unclear, particularly regarding chronic diseases such as cancer and
neurodegenerative disorders. Epidemiological studies assessing patulin’s
cumulative impact on human health over time are lacking, making it difficult
to establish definitive exposure limits. From a regulatory perspective, current
patulin detection methods, such as high-performance liquid chromatography
(HPLC) and enzyme-linked immunosorbent assays (ELISA), are widely
used, but they have limitations in terms of sensitivity, specificity, and cost
(Wang et al., 2020). Advanced techniques, such as biosensors and
nanotechnology-based detection methods, have shown promise in
preliminary  studies, but their commercial application remains
underdeveloped. More research is needed to validate these technologies for
routine food safety assessments. Additionally, the regulatory thresholds for
patulin vary across countries, creating inconsistencies in global food safety
standards. A standardized international framework for patulin monitoring is

necessary to ensure consumer protection. Although animal studies have



provided valuable insights into patulin toxicity, most research has focused
on acute exposure scenarios rather than chronic, low-dose ingestion, which
Is more relevant to human consumption patterns. For instance, previous rat
studies have demonstrated hepatotoxicity, nephrotoxicity, and neurotoxicity
at high doses, but the effects of prolonged exposure to trace amounts remain
underexplored (Wu et al., 2019). Furthermore, while oxidative stress and
inflammatory responses have been identified as major toxicological
pathways, limited research has examined potential adaptive mechanisms in
animals or humans that might mitigate patulin’s harmful effects. Another
gap in existing research is the lack of comprehensive in vivo studies on the
impact of patulin on the gut microbiome. Recent studies have suggested that
mycotoxins can disrupt gut microbial diversity, leading to metabolic
disorders and immune dysregulation (Huang et al., 2022). However, few
studies have directly investigated how patulin affects the gut microbiota and
whether probiotics or dietary interventions could counteract its toxicity.
Addressing this gap could open new avenues for developing dietary
strategies to reduce patulin’s impact on human health. To bridge these gaps,

future research should focus on developing more accurate and cost-effective



detection methods, particularly rapid on-site testing kits that could be
implemented at various points in the food supply chain. Additionally, more
studies are needed to assess the combined effects of patulin with other
mycotoxins commonly found in food, as co-exposure may lead to synergistic
toxic effects that are not well understood (Escobar et al.,, 2020).
Furthermore, given the growing interest in natural and biological methods
for controlling fungal contamination, research on the potential use of
antifungal compounds, such as plant extracts and microbial biocontrol
agents, should be expanded (Kim et al., 2019). Investigating the efficacy and
safety of these alternative approaches could provide sustainable solutions for
reducing patulin contamination in food products. Overall, addressing these
research gaps will enhance our understanding of patulin’srisks and
contribute to the development of more effective prevention and mitigation

strategies.

Given the identified research gaps in patulin studies, targeted approaches are
necessary to improve our understanding of its biosynthesis, detection,

toxicity mechanisms, and mitigation strategies. Addressing these gaps will
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not only enhance food safety but also provide critical insights into the long-
term health implications of patulin exposure. Although Penicilliumexpansum
Is the primary producer of patulin, emerging studies indicate that other
fungal species, such as Aspergillus and Byssochlamys, may also contribute
to contamination in certain environmental conditions (Li et al., 2020). Future
research should focus on identifying the specific conditions under which
these fungi produce patulin, their impact on food safety, and their potential
interaction with other microorganisms. Advanced genomic and metabolomic
studies could help elucidate the biosynthetic pathways involved in patulin
production in these alternative fungi, allowing for better contamination
control strategies. Although patulin-induced oxidative stress and apoptosis in
mammalian cells have been documented, the exact signaling pathways and
molecular targets remain poorly understood (Zhang et al., 2021). Further
research using omics-based approaches, such as transcriptomics and
proteomics, could help map the cellular responses to patulin exposure. In
particular, studies should focus on identifying key mitochondrial proteins
involved in patulin-induced toxicity, as this could provide insights into

potential therapeutic interventions to counteract its effects. Additionally,
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while epidemiological studies have established that patulin can cause acute
toxicity, little is known about its long-term effects on human health,
particularly at low-dose, chronic exposure levels. Future research should
conduct long-term cohort studies assessing p role in chronic diseases such as
cancer, neurodegenerative disorders, and metabolic diseases. This will help
refine safety thresholds and inform regulatory guidelines. Current detection
methods, such as high-performance liquid chromatography(HPLC) and
enzyme-linked immunosorbent assays(ELISA), are effective but have
limitations regarding cost, sensitivity, and accessibility (Wang et al., 2020).
Advanced detection techniques, including biosensors, mass spectrometry-
based methods, and nanotechnology, have shown promise but require further
validation for commercial application. Developing cost-effective, rapid, and
portable detection kits for real-time monitoring of patulin in food products
would significantly enhance food safety measures. Moreover, global
regulatory standards for patulin vary, creating inconsistencies in food safety
enforcement. Standardizing international patulin regulations based on
updated toxicological data and risk assessments would help protect

consumers worldwide. Collaborative efforts between food safety authorities,
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research institutions, and policymakers are needed to achieve this goal.
Recent research suggests that mycotoxins can disrupt the gut microbiota,
potentially leading to metabolic disorders and immune dysfunction (Huang
et al., 2022). However, little is known about patulin’sdirect effects on gut
microbial composition and function. Future studies should employ
metagenomic sequencing and microbiome profiling to assess how patulin
alters gut microbial diversity, whether certain bacteria can degrade patulin,
and whether probiotics or dietary interventions could mitigate its toxicity.
This could lead to novel strategies for reducing patulin’s impact on human
health. Most animal model studies on patulin have focused on acute high-
dose exposure rather than chronic low-dose ingestion, which is more
relevant to real-world consumption patterns (Wu et al., 2019). Future studies
should adopt long-term, low-dose exposure models to assess the cumulative
effects of patulin on organ function, immune responses, and metabolic
pathways. These studies should also explore potential adaptive mechanisms
that animals or humans may develop in response to prolonged patulin
exposure. Additionally, expanding research on the teratogenic and

Immunotoxic effects of patulinin animal models is crucial. Studies should
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investigate how patulin affects reproductive health, fetal development, and
Immune system regulation, providing further insight into its risks for
vulnerable populations, such as pregnant women and young children.
Current mitigation strategies for patulin contamination rely on chemical and
physical methods, such as controlled storauiige conditions and
pasteurization. However, these methods have limitations in terms of
effectiveness and potential food quality degradation. Exploring natural and
biological alternatives, such as using plant extracts, microbial biocontrol
agents, or enzymatic degradation, could offer sustainable solutions for
controlling patulin contamination (Kim et al., 2019). Further research is
needed to evaluate the efficacy, safety, and practical application of these

alternative approaches.

1.2 STATEMENT OF PROBLEM

e Despite global awareness of patulin’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.
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e The variation in patulin toxicity at different concentrations and its
organ-specific effects in mammals are still under-researched,
particularly in vivo studies involving animal models.

e This research aim to address the gap in toxicological profiling of
patulin by examining its pathological impact at varying concentrations
on laboratory animals, thereby providing insights into safe exposure
limits and reinforcing the importance of improved food safety

protocols.

1.3 JUSTIFICATION OF THE STUDY

Penicillium expansum, the primary producer of patulin, commonly infects
apples during post-harvest handling and storage. Although regulatory
agencies have established maximum permissible levels for patulin, reports of
contamination above safe limits still occur, especially in low-resource
settings with weak monitoring systems. Investigating the potency of patulin
at varying concentrations in a controlled animal model provides critical
insight into its dose-dependent toxicity. This approach allows for a better

understanding of how different exposure levels affect physiological

15



functions and organ systems, particularly in mammals. The findings will
contribute to the scientific basis for risk assessment and enhance awareness
about the dangers of patulin. Moreover, the study may aid in the formulation
of more effective control strategies, promote public health safety, and

support regulatory compliance in food processing industries.

1.4 AIMS AND OBJECTIVES

This study aim to check the potency of Penicillium patulin toxin at vary

degree of concentration
Objectives

1. To isolate Penicilliumexpansum from spoiled apple
2. To subject it to toxin production.
3. To confirm the toxin produced

4. To evaluate the toxic effects on an animal model (rat).
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CHAPTER TWO
2.0 MATERIALS AND METHOD
2.1 Sample Collection and Preparation

Rotten apples were brought from Ipata Market in llorin, Kwara State,
Nigeria. The apples were first rinsed with clean distilled water to remove
any surface dirt or contaminants. Using a clean and sterile scalpel, the
visibly decayed parts of the apples were carefully cut out. This was done to
prepare the samples for further laboratory testing to find the fungi
responsible for the spoilage. This method is commonly used in similar
studies to safely isolate fungi from infected fruits (Garcia-Benitez et al.,

2020; Ali et al., 2019).
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).

17



2.3 Media Preparation and Culturing

Potato Dextrose Agar (PDA) and Potato Dextrose Broth (PDB) were
prepared following the instructions provided by the manufacturer. After
preparation, the media were sterilized using an autoclave at 121°C for 15
minutes. Once the media cooled down, 1 mL of streptomycin was added
aseptically to prevent the growth of bacteria. About 250 mL of the sterile
PDA was then poured into clean Petri dishes and left to solidify. Using a
sterile inoculating loop, a small portion of the decayed apple tissue was
taken and placed carefully on the surface of the solidified PDA plates. The
inoculated plates were then incubated at room temperature (between 25°C

and 28°C) for four days to allow fungal growth (Pitt & Hocking, 2021).

2.4 Subculturing

Emerging fungal colonies were subcultured onto fresh PDA plates to obtain
pure isolates. These were incubated under the same conditions for 4days

(Watanabe, 2017).

2.5 Characterization and identification

18



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).
2.6 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 production, then left undisturbed for 5 more days at

room temperature to complete patulin biosynthesis (Kabak et al., 2019).
2.7 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 (Sewram et al., 2019).

2.8 Preparation of Patulin Concentrations

19



The crude toxin filtrate, regarded as the 100% concentration, was diluted
using sterile distilled water to obtain lower concentrations of patulin. Each

prepared concentration was measured into a sterile test tube as follows:

100% concentration: 5 mL of undiluted crude patulin filtrate.

80% concentration: 4 mL of crude patulin filtrate mixed with 1 mL of sterile

distilled water.

60% concentration: 3 mL of crude patulin filtrate mixed with 2 mL of sterile

distilled water.

50% concentration: 2.5 mL of crude patulin filtrate mixed with 2.5 mL of
sterile distilled water. Each mixture was homogenized and labeled

accordingly for further use.

2.9 Experimental Animals and Grouping

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).
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2.10 Identification and Grouping of Experimental Rats

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 expansum patulin 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.
2.11 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).
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2.12 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).

22



CHAPTER THREE

3.0 RESULTS

TABLE 1

3.1 ldentification of Fungal Isolate after culturing

Macroscopic characteristics Microscopic characteristics

Bluish green Branced flask shaped condidia

Figure 1a: showing colonies on PDA  Figure 1b: Showing microscopic
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TABLE 2

3.2Daily Observation during Toxin Administration for seven days

Rat ID Behavior Appearance Feeding Eye /Nose  Other behavior
Blue Active Normal Normal Normal Nil
Red Active Normal Normal Normal Nil
Green Active Normal Normal Normal Nil
Black Active Normal Normal Normal Nil
Blue Active Normal Normal Normal Nil
Red Active Normal Normal Normal Nil
Green Active Normal Normal Normal Nil
Black Active Normal Normal Normal Nil
Blue Dull Normal Decrease sunken Gnawing
Red Active Normal Decrease Normal Nil
Green Active Normal Normal Normal Nil
Black Active Normal Normal Normal Nil
Blue Dull Lackluster Reduce Sunken Lethargic
Red Dull Lethargic Reduce Sunken Nil
Green Dull Normal Normal Normal Nil
Black Active Normal Normal Normal Nil
Blue Dull Lackluster Reduce Sunken Nil
Red Dull Sluggish Reduce sunken Nil
Green Dull Normal Reduce Normal Nil
Black Active Normal Normal Normal Nil
Blue Weak Pale Very low sunken Nil
Red Weak Ataxic Low Sunken Nil
Green Dull lethargic Reduce sunken Nil
Black Active Normal Normal Normal Nil
Blue Weak Pale Poor Sunken Nil
Red Weak Inactive Low Sunken Nil
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Green
Black

Weak inactive Poor sunken Lackluster
Active Normal Normal Normal Nill

Figure 3: Showing Total Weight Loss After Toxin Exposure

Key:
Blue — 100%
Red — 80%
Green — 60%
Black — 50%
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Figure 4: Showing cumulative frequency chart for seven days of toxin

administration

OFRL NWHAITO N

Cumulative frequency chart of toxin conc.
administered

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

E Blue u® Red E Green E Black = Control

3.3Post-Mortem Gross Pathological Findings

Rat ID Intestine Liver Kidney Heart

Blue Darkened Discoloration. Normal Darkened

Red Bloching Normal Normal Normal

Green Mottling Intensely darkened Enlarged Mottling
pigment

Black Mottling Normal Normal Normal
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Figure 4: Dissected rats showing effects of fungal toxin (Penicillium patulin)

on internal organs

27



CHAPTER FOUR
4.0 Discussion and Conclusion
4.1 Discussion

The present study investigated the toxicological impact of Penicillium
expansum patulin toxin on albino rats, combining fungal identification with
in vivo experimentation. Observations were systematically recorded, and
both macroscopic and microscopic features of the fungal isolate were
evaluated, alongside behavioral, physiological, and pathological changes in
the rats. The behavioral and physical effects of patulin on the rats over seven
days are presented in Table 2, supported by the cumulative trends in Figure
3. The effects were clearly dose-dependent, with more severe symptoms in
rats exposed to higher concentrations.The blue-coded rat (100% toxin
concentration) showed progressive weight loss (from 134g to 124q),
increased dullness, fur degradation, and feeding reduction. The rat also
developed sunken eyes and signs of dehydration by day 5 and 6. This aligns
with Wang et al. (2020) who reported rapid onset of systemic toxicity and

reduced food intake in rats exposed to high patulin concentrations. Similar
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signs were noted in Pfohl-Leszkowicz & Manderville (2020), where patulin
induced oxidative stress and neurobehavioral changes in rodents.The red-
coded rat (80% concentration) also displayed marked toxicity, including
lethargy, sunken eyes, and ataxia. Its weight dropped from 108g to 100g by
day 6. These outcomes reflect those of Escobar et al. (2020), who observed
neurological impairments and liver stress in rats at medium-dose patulin
exposures.In the green-coded rat (60% concentration), weight reduction was
milder (1399 to 131g), with dullness and fur less shiny observed toward the
end of the study. The symptoms were relatively delayed compared to higher
doses. Kim et al. (2019) had reported similar subtle yet significant signs of
gastrointestinal and hepatic dysfunction at intermediate patulin exposure
levels.The black-coded rat (50% concentration) maintained a stable
condition throughout. No significant behavioral, ocular, or weight changes
were observed, consistent with findings by Moake et al. (2005), who noted
that patulin concentrations below regulatory limits often result in negligible
short-term toxicity, though chronic effects remain a concern. The post-
mortem examination, detailed in Table 3 and illustrated in Figure 4, revealed

clear organ-level damage correlating with toxin concentration. The 100%
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patulin rat (Blue) exhibited darkened intestines and heart, and discolored
liver, indicating severe systemic toxicity. These findings echo the work of
Puel et al. (2018) and Riley & Norred (2018), who found that patulin
induces vascular and hepatic degeneration at high doses.The 80% group
(Red) presented with intestinal blotching, consistent with mild hemorrhagic
enteritis, while major organs like liver, kidney, and heart appeared normal.
Such localized damage supports earlier observations by Huang et al. (2022),
who emphasized patulin’s direct impact on the intestinal barrier and its pro-
inflammatory effects. The 60% group (Green) had mottled intestines, a
deeply pigmented and enlarged kidney, and darkened liver, showing
significant internal stress. These findings suggest multi-organ involvement
even at submaximal concentrations, in line with the hepatotoxic and
nephrotoxic findings of Li et al. (2020).In contrast, the 50% group (Black)
had only mild intestinal mottling and no significant abnormalities in liver,
kidney, or heart. This suggests that lower doses fall below the acute toxicity
threshold, aligning with EFSA (2017) regulatory standards that define

50ug/kg as the safe limit for patulin in food
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4.2 CONCLUSION

This study confirms patulin’s toxic effects in albino rats, revealing dose-
dependent weight loss, behavioral changes, and organ damage. The results
align with previous studies, emphasizing the need for strict monitoring of
patulin in food products to safeguard public health and prevent mycotoxin-

related complications in humans and animals.
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