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Abstract— This review aims to summarize and evaluate 

recent findings on mycotoxin contamination of livestock 

feed, with a particular focus on its hepatotoxicity and 

immunosuppressive impacts. It is a comprehensive study 

that will help veterinarians, researchers, and agricultural 

stakeholders improve livestock health and feed safety. 

Fungal contamination of livestock feed ingredients poses a 

serious threat to public health and livestock productivity, as 

well as significant economic losses in the agricultural 

sector. Contamination of food crops with fungi and 

mycotoxins is common due to frequent contact with them, 

exacerbating critical health problems and leading to 

economic losses in the livestock sector itself, in addition to 

preventing the consumption of meat and dairy products due 

to the transfer of these toxins to humans. Commonly used 

feed ingredients, such as roughage, straw, corn, palm leaves, 

and vegetable waste, are often contaminated with aflatoxins, 

fumonisins, and ochratoxin A. The severity of these toxins 

in animals varies depending on the dose, duration of 

exposure, species, breed, diet, and nutritional status. In 

general, calves are more susceptible than older animals. 

These toxins are known to cause liver damage and suppress 

immune function, resulting in reduced feed intake, poor feed 

conversion, reduced weight gain, increased susceptibility to 

disease (due to impaired immunity), and reduced 

reproductive capacity. The main pathological consequences 

include liver damage, immunosuppression, and reduced 

production efficiency. Clinical indicators, including 

elevated liver enzyme levels and decreased immune cell 

counts, provide a deeper understanding of the risks 

associated with chronic exposure. Finally, improved 

agricultural practices, periodic feed testing, and veterinary 

interventions tailored to the specific environmental and 

agricultural conditions of this condition are integrated pest 

control strategies. 
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INTRODUCTION 

   Livestock production is vital to Iraq's agricultural 

economy, as cattle provide a major source of milk, meat, 

and revenue for rural people. Cattle nutrition in Iraq is 

highly reliant on plant-based diets such as maize, barley, 

wheat bran, and crop residue. However, these diets are 

extremely sensitive to fungal contamination, both before 

and after harvest. Poor harvesting practices, inadequate 

drying, and improper storage under hot and seasonally 

humid meteorological conditions produce suitable habitats 

for fungus growth and mycotoxin manufacturing, a key 

worry raised for the region by international agencies. (1) 

      Above 100 species of fungi that can soil plants and 

forages and form mycotoxins. Mycotoxins are mainly 

created by Aspergillus, Penicillum and Fusarium genera 

which attack crops in the field and may grow during storage 

under satisfactory conditions of temperature and humidity. 

(2) Aspergillus flavus (aflatoxins), Fusarium verticillioides 

(fumonisins) fungi are among the most frequently detected 

in cattle feeds, as well as Penicillium verrucosum 

(ochratoxin A). Some Iraqi studies have registered obvious 

contamination of maize and barley with aflatoxin B₁ and 

fumonisins this raises greater concerns about food safety 

and the resulting impact on animal health. (3) 

      The hepatic and immunological disturbances are the 

dual danger in veterinary internal medicine so after 

consumption infected plant various mycotoxins are 

absorbed by the gastrointestinal system than transported to 

the liver via the portal vein, where they are metabolite.  Such 

as Aflatoxin B₁ converted into active epoxide that linked to 

cellular macromolecules to result hepatocellular necrosis, 
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oxidative stress, and leak protein synthesis (4,5). Long term 

contact can lead to fatty liver, abnormal enzyme activity, 

and reduced metabolic efficiency. 

     The second disturbance of mycotoxins is 

immunosuppressive effects. Both humoral and cell-

mediated immunity can be impairing, where notice reducing 

antibody production and inhibiting T-lymphocyte 

proliferation (6).  The cattle susceptibility to secondary 

infections can be rising due to immunosuppression, as well 

as vaccine efficacy, and ultimately compromises 

productivity also can be reducing. 

      Linking the agricultural and veterinary aspects of this 

problem, with the aim of preventing the contamination of 

agricultural crops with these toxins, requires an integrated 

approach based on improving crop management, providing 

good storage conditions, periodic feed analysis, and the use 

of mycotoxin inhibitors in ruminant feed. This relies on the 

efforts of agricultural scientists, veterinarians, and 

policymakers to protect livestock health and productivity 

under varying climatic and economic conditions. Therefore, 

this research seeks to clarify the main sources of mycotoxins 

in livestock feed, their hepatotoxic and immunosuppressive 

effects, and integrated management techniques, while 

providing a scientific framework for local stakeholders to 

mitigate the associated risks. 
''Literature Review Methods'' 

      To conduct a comprehensive and up-to-date analysis 

of the available literature, a systematic approach was used 

to identify, select, and synthesize relevant scientific studies. 

The methodology for this narrative review is outlined 

below.  

 Literature Search Strategy: A comprehensive search of 

electronic academic databases was conducted to 

collect relevant literature. The main databases 

consulted included Google Scholar, PubMed, Science 

Direct, and Research Gate. These platforms were 

chosen for their broad coverage of veterinary and 

agricultural sciences and toxicology. 

 Keywords: The search used a combination of 

keywords and Boolean operators to refine the results. 

The main search terms were: "mycotoxins," 

"aflatoxins," "fumonisins," "ochratoxins," "cattle 

feed," "hepatotoxicity," "immunosuppression," 

"cattle," "feed contamination," and "mycotoxin 

control strategies." 

 Timeframe and Scope: The search primarily focused 

on literature published between 2010 and 2025 to 

ensure the inclusion of the latest developments and 

current data. However, older, closely related 

publications were not excluded to provide the 

necessary foundational context, particularly regarding 

established toxicological mechanisms. 

 Inclusion and Exclusion Criteria: Studies were 

selected based on the following criteria: 

 Inclusion Criteria: 1. Original research articles and 

review papers; 2. Studies focusing on common 

mycotoxins in cattle feed (e.g., aflatoxins, fumonisins, 

ochratoxins, and trichothecenes); 3. Research 

investigating hepatotoxic or immunosuppressive 

effects in cattle; 4. articles related to the Middle East 

region, including Iraqi articles; 5. publications in 

English. 

 Exclusion criteria: (a) studies not directly related to 

livestock or feed; (b) articles for which full text could 

not be obtained; (c) non-reviewed publications. 

 The final selected literature was evaluated to ensure a 

comprehensive overview of the sources, incidence, toxic 

kinetics, pathological effects, and integrated management of 

mycotoxins in livestock. 

 

"Structure of the Literature Review'' 

1. Sources and Occurrence of Mycotoxins in Cattle Feed 

1.1. Primary Agricultural Sources of Contamination: 

        The vital components of cattle rations are habitually the 

most exposure to pollution. Corn (maize) is a main substrate 

for Fusarium species, because of contamination with 

deoxynivalenol (DON), zearalenone (ZEN), and fumonisins 

(FB1). In the same way, cottonseed and cottonseed meal are 

habitually soiled by aflatoxins (AFB1) produced 

by Aspergillus flavus. (7)  Oilseed meals as soybean meal can 

also be soiled, while small grains (wheat, barley) and their 

associated forages and silages are common sources of DON 

and other trichothecenes (T-2 toxin, HT-2 toxin). (8) Silage, if 

poorly fermented, provides an ideal environment for fungal 

growth and mycotoxin production. “see Fig. 1.” 

 

 
Figure 1. Food and feed usually associated with mycotoxins. 

(9) 

 

1.2. Factors Influencing Mycotoxin Production: 

       The initiation of contamination in the field, where 

abundance stress, insect damage, and extreme weather events 

weaken plant defenses and enable fungal colonization. Post-

harvest, suitable handling is a critical safety factor. Storage at 

high moisture content (>14-15%), great humidity, and raised 

temperatures stimulates the multiplying of storage fungi and 

the continuous production of mycotoxins. (10) 

1.3. Global Prevalence and Co-Contamination Patterns:  

       Mycotoxin contamination is not an infrequent problem 

but a continuous hazard. Global investigations dependably 

show that over 70-80% of feed samples have quantifiable 

levels of at least one mycotoxin. (2) An earnest part is co-
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contamination, where many mycotoxins are found 

simultaneously. This is predominantly regarding as 

mycotoxins can have further or synergistic effects, 

amplifying their poisonousness even at single low 

concentrations. (11) 

2. Absorption, Distribution and Metabolism of 

Mycotoxins in Ruminants:   

     The unique gastrointestinal physiology of ruminants 

significantly influences the fate and toxicity of ingested 

mycotoxins, involving complex interactions of absorption, 

distribution, and metabolism (4). 

1. Absorption: The process begins in the gastrointestinal 

tract. Mycotoxins are primarily absorbed in the rumen and 

the intestines. The rate and extent of absorption vary 

significantly depending on the specific mycotoxin's 

chemical properties, the composition of the diet, and the 

health of the rumen epithelium. Lipophilic mycotoxins, 

such as aflatoxins and ochratoxins, are generally more 

readily absorbed than hydrophilic ones. 

2. Distribution: Once absorbed, mycotoxins enter the 

bloodstream and are distributed throughout the body via the 

portal vein, with the liver being the primary target due to its 

role as the first organ encountered post-absorption (12). The 

lipophilicity of many mycotoxins allows them to cross cell 

membranes and distribute to various tissues, including the 

kidneys, lungs, and immune organs, where they can exert 

their toxic effects. 

3. Metabolism: Metabolism is a critical determinant of 

mycotoxin toxicity and occurs in two main sites: 

 Ruminal Mtabolism: The ruminal microflora can 

metabolize certain mycotoxins, sometimes leading to 

detoxification. For example, deoxynivalenol (DON) can be 

partially converted to the less toxic de-epoxy DON (DOM-

1). However, this microbial detoxification is often 

incomplete, strain-dependent, and can be compromised by 

high-concentrate diets that alter rumen function and reduce 

its detoxification capacity (13, 14). 

 Hepatic Metabolism: The liver is the major site for 

the biotransformation of absorbed mycotoxins. This process 

can have dual outcomes: 

o Bioactivation: Some mycotoxins are 

metabolized into more toxic compounds. The most 

prominent example is Aflatoxin B₁ (AFB₁), which is 

activated by hepatic cytochrome P450 enzymes (e.g., 

CYP3A4) into the highly reactive and carcinogenic 

aflatoxin-8,9-epoxide. This metabolite is responsible for 

DNA damage and hepatocellular necrosis (15). 

o Detoxification: Conversely, the liver can 

also conjugate mycotoxins (e.g., via glucuronidation or 

glutathione conjugation) to form water-soluble, less toxic 

metabolites that are prepared for excretion (16). 

The balance between activation and detoxification 

pathways in the liver, influenced by species, health status, 

and nutritional factors, ultimately determines the overall 

hepatotoxic and systemic impact of mycotoxin exposure. 

Furthermore, the carry-over of toxins like AFB1 into milk 

as Aflatoxin M1 (AFM1) is a direct result of this absorption 

and metabolism, posing a significant public health risk (17). 

3.      Hepatotoxic Effects: Mechanisms, Clinical 

Presentation, and Diagnosis: 

The liver, as the primary detoxification organ, is a major target 

for many mycotoxins being particularly hepatotoxic. 

3.1. Pathological outcomes of hepatotoxicity 
    A detailed understanding of the general mechanisms of 

hepatotoxicity is fundamental to elucidating the clinical and 

pathological features of liver injury caused by toxins. The 

liver's central role in the uptake, biotransformation, and biliary 

excretion of xenobiotics is crucial for systemic detoxification 

but also predisposes it to damage. (15) This is because 

hepatocytes are the first line of defense against ingested toxins, 

which arrive directly from the gastrointestinal tract via the 

portal venous system. (16) 

        While the general mechanisms of hepatotoxicity provide 

a foundational understanding, the specific pathological 

outcomes vary significantly depending on the mycotoxin 

involved. 

 Aflatoxin B₁ (AFB₁): Its hepatotoxicity is primarily 

mediated by its bioactivation via cytochrome P450 enzymes 

(particularly CYP3A4 and CYP1A2) into the highly reactive 

exo-AFB₁-8,9-epoxide. This metabolite forms covalent 

adducts with cellular DNA and proteins, leading to DNA 

damage, mutations, and inhibition of protein synthesis. A 

crucial consequence is the significant depletion of glutathione 

(GSH), which exacerbates oxidative stress and lipid 

peroxidation, ultimately triggering apoptosis or necrosis of 

hepatocytes. (18) Chronic exposure disrupts lipid metabolism, 

leading to fatty liver and, potentially, hepatocellular carcinoma. 

 Fumonisins (FB₁): The primary mechanism of 

fumonisin toxicity is the competitive inhibition of the enzyme 

ceramide synthase. This disruption in sphingolipid metabolism 

leads to an accumulation of bioactive sphingoid bases (like 

sphinganine) and a depletion of complex sphingolipids. The 

altered sphinganine-to-sphingosine ratio is a key biomarker. 

This imbalance promotes oxidative stress, disrupts cell 

membrane integrity, and induces apoptosis in hepatocytes, 

contributing to liver damage. (19) 

 Ochratoxin A (OTA): While its primary target is the 

kidney, OTA also induces hepatotoxicity. Its mechanism 

involves inhibition of mitochondrial ATP production, leading 

to oxidative stress via the generation of reactive oxygen species 

(ROS). OTA also inhibits protein synthesis by competing with 

phenylalanine in the phenylalanyl-tRNA synthetase reaction. 

Furthermore, it can form DNA adducts, contributing to its 

genotoxic and carcinogenic potential. (20) “see Fig. 2. and 

table .1.'' 
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Figure 2. Factors which affect the hepatic cells and cause 

damage of hepatocytes. (21) 

 

3.2. Clinical Manifestations and Pathological Lesions: 

    Plant- and fungal-associated hepatotoxicity in cattle 

manifests through a combination of acute and chronic 

clinical presentations, often with overlapping features that 

complicate diagnosis. Acute hepatotoxicity typically 

presents with in appetence, lethargy, decreased milk 

production, jaundice, and secondary (hepatogenous) 

photosensitization, especially in cattle exposed to high 

ultraviolet radiation without access to shade. Within hours 

of toxin ingestion, unpigmented skin regions may develop 

erythema, exudation, ulceration, and necrosis. (22,23)  

       In severe cases, hepatic encephalopathy may ensue, 

characterized by behavioral abnormalities such as 

depression, ataxia, aggression, muscle tremors, and terminal 

convulsions, particularly in the terminal stages of liver 

failure. (24) Chronic hepatotoxicity is commonly induced 

by toxins such as pyrrolizidine alkaloids, aflatoxin B1, 

phomopsins, and sporidesmin, and presents as ill-thrift, 

reduced feed intake, poor weight gain, and possibly jaundice 

or encephalopathy in advanced cases. (25,26) 

     Sudden death without preceding clinical signs, 

particularly when affecting large numbers of animals, 

suggests exposure to potent toxins such as microcystin from 

cyanobacteria, carboxyparquin from Cestrum parqui, or 

acute bovine liver disease (ABLD) toxins. (27) 

        Pathologically, hepatic damage is categorized into 

cholestatic injury, necroinflammation, steatosis, 

fibrosis/cirrhosis, and vascular lesions. Cholestatic injury—

exemplified by pithomycotoxicosis—shows gross lesions 

including bile duct prominence, gallbladder distension, and 

green-yellow liver discoloration due to bile accumulation. 

(28) Microscopically, bile canaliculi dilation, hepatocyte 

bile pigment, Kupffer cell activity, biliary hyperplasia, and 

portal mononuclear infiltration are frequently observed. 

Gallbladder wall edema and cholecystitis may also be 

present. (29) Recognition of these integrated clinical, 

biochemical, and pathological findings is essential for 

accurate diagnosis and targeted management of hepatotoxic 

syndromes in cattle. “see Fig. 3.” 

 

 

 
Figure 3. Characteristic morphological alterations in the 

liver. (a) Liver without gross lesions and with characteristic 

coloration. Nonexposed group. (b) Liver with yellowish 

discoloration and friable consistency. (c) Liver with 

multifocal hemorrhages and friable consistency. (d) Liver 

with pale discoloration and hemorrhagic foci. (30) 

 

  Biochemically, hepatotoxic injury leads to elevated 

hepatocellular (AST, GLDH) and cholestatic (GGT, ALP) 

enzymes, reflecting damage to both hepatocytes and 

cholangiocytes. (31) Toxins targeting hepatocytes—such as 

cycasin, carboxyparquin, and furanosesquiterpenoid oils—

cause more pronounced hepatocellular enzyme elevation, 

while those affecting cholangiocytes—like sporidesmin and 

aflatoxin B1—primarily elevate cholestatic enzymes. (32)  

    In ruminants, ALT lacks diagnostic value due to naturally 

low hepatocellular concentrations, and AST elevations 

should be interpreted alongside CK to rule out muscle 

damage. (33) Chronic hepatic dysfunction may result in 

decreased BUN, hypoproteinemia, anemia of chronic 

disease, and hyperammonemia leading to encephalopathy. 

Additionally, GGT may remain elevated for months, even 

when clinical signs subside, and serum bile acids may offer 

greater sensitivity in ambiguous cases (34). ''As in table .1.'' 

Table 1. Common Mycotoxins in Cattle Feeds and Their 

Effects 
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4.      Immunosuppressive Effects: Impacts on Herd 

Health: 

    Immunosuppression is arguably the most economically 

damaging effect of mycotoxins, as it increases susceptibility 

to a wide range of diseases. 

4.1. Impact on Innate and Adaptive Immunity: 
      Mycotoxins like DON and AFB1 suppress the immune 

system through multiple pathways. They inhibit protein 

synthesis in immune cells, impairing the production of 

antibodies, cytokines, and complement proteins. (35) They 

reduce the proliferative response of T-lymphocytes and B-

lymphocytes to mitogens and antigens, weakening the 

adaptive immune response. Furthermore, they impair 

the phagocytic and killing capacity of macrophages and 

neutrophils, crippling the first line of defense (innate 

immunity). (36) 

4.2. Consequences for Cattle Health and Productivity 
This immunosuppression manifests as: 

A. Increased incidence of infectious diseases like 

mastitis, metritis, and bovine respiratory disease (BRD) due 

to reduced resistance to pathogens.  

B. Vaccination failure, as the animal fails to mount a 

proper protective antibody response following vaccination. 

C. Reactivation of latent infections (e.g., bovine 

herpesvirus) and prolonged recovery times from illness. 

 

5. Integrated Management Strategies for Risk 

Mitigation: 

       A single approach is insufficient; an integrated strategy 

from field to feed bunk is essential. “see Fig. 4.” 

 

5.1. Pre-Harvest Prevention Strategies:  

     This includes using fungal-resistant crop varieties, 

implementing good crop rotation and tillage practices, and 

effective insect control to minimize fungal entry points. 

(37) Biocontrol using a toxigenic strains of A. flavus to 

competitively exclude toxigenic strains has shown success 

in reducing AFB1 in crops. (38) 

 

5.2. Post-Harvest and Storage Management: 

     Proper drying of grains to below 14% moisture and 

maintenance of clean, dry, and well-ventilated storage 

facilities are crucial to prevent post-harvest fungal growth. 

(39) 

 

5.3. Detoxification and Interventional Strategies 
   When contamination occurs, several interventions can be 

employed: 

 Physical Methods: Sorting, cleaning, and thermal 

processing can reduce but not eliminate mycotoxins. 

 Adsorbing Agents (Mycotoxin Binders): These are 

added to feed to reduce 

bioavailability. Aluminosilicates (e.g., HSCAS ranges from 

1% to 0.33% of the feed dry weight) are effective against 

AFB1 but less so against other mycotoxins. (40) Yeast cell 

wall components (e.g., glucomannans in cattle feed range 

from 0.1% to 0.5% of dry matter,) (41) and bacterial 

polymers -based additives are 0.1–0.3% of dry feed matter 

in livestock diets, depending on the product and 

contamination level as broader spectrum of activity. (42) 

 Biological Detoxification: This is an emerging field 

using specific enzymes or microorganisms 

(e.g., Eubacterium BBSH 797 for trichothecenes) to 

biotransform mycotoxins into non-toxic metabolites. 

(43) 

 

5.4. Monitoring and Risk Assessment:    

    Regular feed testing using analytical methods 

(HPLC, LC-MS/MS) or rapid screening kits 

(ELISA) is essential for monitoring contamination 

levels and making informed management decisions. 

(44) 

 

 

 
Figure 4: Control methods of mycotoxin contamination 

in grain and oil crops. (45) 

 

 

''Future Perspectives and Conclusions'' 

        Mycotoxin contamination in cattle feed represents a 

critical intersection between agricultural practices and 

veterinary health. Evidence from recent studies confirms 

that the combined hepatotoxic and immunosuppressive 

effects of mycotoxins significantly reduce animal 

productivity and compromise disease resistance. The 

persistence of contamination, often due to inadequate 

storage and climatic stress, underscores the need for 

continuous surveillance and preventive management. 

Integrating pre-harvest control, rapid feed diagnostics, and 

biological detoxification methods offers the most practical 

path for mitigation. Future directions should emphasize the 

use of innovative biocontrol agents and AI-based predictive 

systems to identify contamination risks early and optimize 

intervention strategies. This holistic approach is essential to 

ensure safe feed production, enhance animal welfare, and 

protect public health. 
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