Aflatoxins in Food

When certain types of fungus grow on food, they produce minute amounts of toxins called mycotoxins. Most fungi-produced mycotoxins are harmless, and even helpful. For example, the antibiotic penicillin came from a fungus, and it is a mycotoxin.

Some of these fungi (primarily Aspergillus flavus) produce the very lethal mycotoxins called aflatoxins. Aflatoxins are remarkably potent, often causing disease even when ingested in minute amounts. Aflatoxins can cause disease throughout the body, but are most commonly known for causing acute or chronic liver disease and liver cancer.

Other common mycotoxins include ergotamine, ergot, and ochratoxins. Ergot is especially known for causing gangrene, while ochratoxin is primarily a liver toxin. Although any of these mycotoxins may cause problems, aflatoxins are the most likely to appear in a bird’s diet. Also, birds are known to be more sensitive to aflatoxins and their resulting damage to the bird's liver. Very small amounts, ingested over time, can weaken the liver's functions. The liver has numerous functions, including detoxification, digestion, and immune function. Thus, aflatoxin damage to the liver can produce outright liver disease or can lead to other chronic disorders.

Chronic exposure to aflatoxins can damage the liver, which can produce:

Liver inflammation (hepatitis)

Other chronic disorders including:

    * Immune deficiency

    * Increased susceptibility to infections

    * Cirrhosis of the liver

    * Liver cancer

This liver toxicity can produce a cumulative effect over time, and can eventually lead to diseases of the liver including hepatic fibrosis, cirrhosis, and fatty liver disease. Aflatoxins are also carcinogenic, causing a variety of different cancers. They can cause blood disorders where small arteries are blocked due to blood clots. These clots can even lead to necrosis or death of part of the bird’s toes.

Once a fungus grows on a plant (fruits, vegetables, grains and nuts) and produces it's aflatoxin, a real concerns is that these poisons are completely heat stable, so neither cooking nor freezing destroys the toxin. They remain on the food indefinitely.

A common misconception is that preservatives such as ethoxyquin and Vitamin E preserve food from the growth of bacteria and fungi. This is not true. Ethoxyquin is an antioxidant which inhibits oxidative degradation of the food, but does not inhibit growth of bacteria or fungi.

Aflatoxins grow mainly on grains and legumes. The peanut is a legume that is notorious for the growth of aflatoxins. In peanuts intended for human consumption, the levels of aflatoxins are measured. However, there is no requirement for testing aflatoxin levels in animal foods. Other common foods we feed birds that often contain aflatoxins include corn, walnuts, pecans, and even milk.

Aflatoxins grow on grains and legumes mostly during storage, so the grains and legumes must be stored correctly to limit this problem. Some foods will be more likely to contain aflatoxins, so one might consider not feeding any of these foods to animals that have preexisting liver disease or other chronic disorders. These products include:

    * Peanuts

    * Whole grains

    * Nuts, especially older nuts (they taste stale), and those in grains

    * Non-human grade foods

    * Commercial diets that contain higher levels of cottonseed oil, fish meal, & peanut oil

    * Foods from countries that have substandard storage elevators for grains

All commercial diets that are made for birds, dogs, and cats will have some aflatoxins, and, fortunately, the body can normally detoxify small amounts. Some diets will contain excessive aflatoxin levels, and, especially over time, can produce significant problems for birds.

Many commercial diets like to call themselves “natural” and possibly “organic,” which may have beneficial properties in general, but "organic" or "natural" products do not necessarily reduce the amount of aflatoxins. This is one of the reasons I recommend that birds be fed as much whole foods and fresh foods as possible, instead of processed diets. 
Aflatoxins are naturally occurring mycotoxins that are produced by many species of Aspergillus, a fungus, most notably Aspergillus flavus and Aspergillus parasiticus. Aflatoxins are toxic and among the most carcinogenic substances known.[1] After entering the body, aflatoxins are metabolized by the liver to a reactive intermediate, aflatoxin M1, an epoxide. Aflatoxin is frequently misspelled as aflotoxin and alfatoxin, which could be confused with alpha toxin.







Chemical structure of aflatoxin B1
Contamination conditions

Aflatoxin producing members of Aspergillus are common and widespread in nature. They can colonize and contaminate grain before harvest or during storage. Host crops are particularly susceptible to infection by Aspergillus following prolonged exposure to a high humidity environment or damage from stressful conditions such as drought, a condition which lowers the barrier to entry.

The native habitat of Aspergillus is in soil, decaying vegetation, hay, and grains undergoing microbiological deterioration and it invades all types of organic substrates whenever conditions are favorable for its growth. Favorable conditions include high moisture content (at least 7%) and high temperature.

Crops which are frequently affected include cereals (maize, sorghum, pearl millet, rice, wheat), oilseeds (peanut, soybean, sunflower, cotton), spices (chile peppers, black pepper, coriander, turmeric, ginger), and tree nuts (almond, pistachio, walnut, coconut, brazil nut).

The toxin can also be found in the milk of animals which are fed contaminated feed.

Virtually all sources of commercial peanut butter contain minute quantities of aflatoxin,[2] but it is usually far below the US Food and Drug Administration's (FDA) recommended safe level.
Pathology

High-level aflatoxin exposure produces an acute necrosis, cirrhosis, and carcinoma of the liver exhibited by hemorrhage, acute liver damage, edema, alteration in digestion, and absorption and/or metabolism of nutrients.

No animal species is immune to the acute toxic effects of aflatoxins including humans; however, humans have an extraordinarily high tolerance for aflatoxin exposure and rarely succumb to acute aflatoxicosis.

Chronic, subclinical exposure does not lead to as dramatic of symptoms as acute aflatoxicosis. Children, however, are particularly affected by aflatoxin exposure which leads to stunted growth and delayed development.[3] Chronic exposure also leads to a high risk of developing liver cancer, as the metabolite aflatoxin M1 can intercalate into DNA and alkylate the bases through its epoxide moiety. This is thought to cause mutations in the p53 gene, an important gene in preventing cell cycle progression when there are DNA mutations.

Medical research indicates that a regular diet including apiaceous vegetables such as carrots, parsnips, celery and parsley, reduces the carcinogenic effects of aflatoxin.
Detection of aflatoxin in humans

As defined in Encyclopedia, “aflatoxins” are naturally occurring mycotoxins that are produced by many species of Aspergillus, a fungus, most notably Aspergillus flavus and Aspergillus parasiticus. Aflatoxins are toxic and carcinogenic to animals, including humans. After entering the body, aflatoxins are metabolized by the liver to an intermediate reactive, aflatoxin M1, an epoxide.
There are two techniques that have been used most often to detect levels of aflatoxin in humans.

First method: The first method is measuring the AFM1-guanine adduct in the urine of subjects. Presence of this breakdown product indicates exposure to aflatoxin in the past 24 hours. However, this technique has a significant flaw in that it only produces a positive result in approximately one-third of positive test subjects. Additionally, due to the half-life of this metabolite, the level of AFM1-guanine measured can vary significantly from day to day, based on diet, and thus is not useful for assessing long term exposure.

Second method: Another technique, which has been used is a measurement of the AFM1 - albuminadduct level in the blood serum. This approach is significantly more accurate, as positive results are generated in 90% of positive test subjects. This test is also useful for measuring long-term exposure, as it remains positive for two to three months.
Third Method: An additional technique that has been used is a measurement of the AFB1-albumin adduct level in the blood serum. This approach is significantly more accurate, as positive results are generated in 90% of positive test subjects. This test is also useful for measuring long-term exposure, as it remains positive for two to three months.
To provide u people with additional information, I would like to tell you all about a research paper titled: “Aflatoxin metabolism in humans: Detection of metabolites and nucleic acid adducts in urine by affinity chromatography”.

Here is an abstract of this research paper, which was presented by J D Groopman, P R Donahue, J Q Zhu, J S Chen, and G N Wogan.
Research Paper (Abstract) - Aflatoxin Metabolism In Humans: Detection Of Metabolites And Nucleic Acid Adducts In Urine By Affinity Chromatography
A high-affinity IgM monoclonal antibody specific for aflatoxins was covalently bound to Sepharose 4B and used as a preparative column to isolate aflatoxin derivatives from the urine of people and experimental animals who had been exposed to the carcinogen environmentally or under laboratory conditions. Aflatoxin levels were quantified by radioimmunoassay and high-performance liquid chromatography after elution from the affinity column. In studies on rats injected with [14C]aflatoxin B1, we identified the major aflatoxin-DNA adduct, 2,3-dihydro-2-(N7-guanyl)-3-hydroxy-aflatoxin B1 (AFB1-N7-Gua), and the oxidative metabolites M1 and P1 as the major aflatoxin species present in the urine. When this methodology was applied to human urine samples obtained from people from the Guangxi Province of China exposed to aflatoxin B1 through dietary contamination, the aflatoxin metabolites detected were also AFB1-N7-Gua and aflatoxins M1 and P1. Therefore, affinity chromatography using a monoclonal antibody represents a useful and rapid technique with which to isolate this carcinogen and its metabolites in biochemical epidemiology and for subsequent quantitative measurements, providing exposure information that can be used for risk assessment.







Aspergillus fumigatus as seen under the electron microscope
Aflatoxin in pets

Aflatoxin in dry dog food manufactured by Diamond Pet Foods was responsible for at least 23 dog deaths due to liver failure between Dec 2005 and early 2006. In an April 12, 2006 letter FedEx'd from the Department of Health and Human Resources to a manufacturing plant,[5][6] the FDA warned Gary Schell, president of Schell and Kampeter Inc. of Missouri that independent testing of three samples of incoming corn to their processing plant showed between 90 and 1851 ppb, while paperwork on three (of four samples) showed aflatoxins levels <20 ppb, and other sample was not recorded. The results of this letter are unknown.
Major types of aflatoxins and their metabolites

At least 13 different types of aflatoxin are produced in nature. Aflatoxin B1 is considered the most toxic and is produced by both Aspergillus flavus and Aspergillus parasiticus. Aflatoxin G1 and G2 are produced exclusively by A. parasiticus. While the presence of Aspergillus in food products does not always indicate harmful levels of aflatoxin are also present, it does imply a significant risk in consumption of that product.

Aflatoxins M1, M2 were originally discovered in the milk of cows which fed on moldy grain. These compounds are products of a conversion process in the animal's liver. However, aflatoxin M1 is present in the fermentation broth of Aspergillus parasiticus.

    * Aflatoxin B1 & B2 : produced by Aspergillus flavus and A. parasiticus.

    * Aflatoxin G1 & G2 : produced by Aspergillus parasiticus.

    * Aflatoxin M1 : metabolite of aflatoxin B1 in humans and animals (exposure in ng can come from mother's milk).

    * Aflatoxin M2 : metabolite of aflatoxin B2 in milk of cattle fed on contaminated foods.

    * Aflatoxicol.

[edit] Interaction of aflatoxin with the Hepatitis B virus

Studies have shown that concurrent infection with the Hepatitis B virus (HBV) during aflatoxin exposure increases the risk of hepatocellular carcinoma (HCC). As HBV interferes with the ability of hepatocytes to metabolize aflatoxins, an aflatoxin M1-DNA conjugate exists for a longer period of time in the liver, increasing the probability of damage to tumor suppressor genes such as p53. This effect is synergistic with the resulting damage far greater than just the sum of aflatoxin and HBV . (Williams, 2004)

Decreasing HBV infection levels through vaccination is an effective and simple approach that can be taken to reduce these harmful synergistic effects, thus decreasing the impact of chronic aflatoxin exposure. This strategy may prove to be highly effective – many regions of the world which have high aflatoxin rates, such as western Africa and China, also have high HBV infection rates[7].

[edit] Manufacturers

As of May 2008, there are but three primary manufacturers (as distinguished from re-packers and re-sellers) of pure aflatoxins known:

    * Biopure Referenzsubstanzen GmbH part of Romer Labs Group [8] produces fully isotope labeled 13C Aflatoxin (Patented)

    * Sigma-Aldrich [9]

    * Fermentek, the only one that produces aflatoxin M2

Customers use these compounds for instance as internal standard when monitoring foodstuffs for aflatoxin contaminants.
Aflatoxins are toxic metabolites produced by certain fungi in/on foods and feeds . They are probably the best known and most intensively researched mycotoxins in the world. Aflatoxins have been associated with various diseases , such as aflatoxicosis , in livestock , domestic animals and humans throughout the world . The occurence of aflatoxins is influenced by certain environmental factors ; hence the extent of contamination will vary with geographic location , agricultural and agronomic practices, and the susceptibility of commodities to fungal invasion during preharvest , storage, and/or processing periods . Aflatoxins have received greater attention than any other mycotoxins because of their demonstrated potent carcinogenic effect in susceptible laboratory animals and their acute toxicological effects in humans . As it is realized that absolute safety is never achieved , many countries have attempted to limit exposure to aflatoxins by imposing regulatory limits on commodities intended for use as food and feed .
Introduction

In the 1960 more than 100,000 young turkeys on poultry farms in England died in the course of a few months from an apparently new disease that was termed "Turkey X disease" . It was soon found that the difficulty was not limited to turkeys . Ducklings and young pheasants were also affected and heavy mortality was experienced .

A careful survey of the early outbreaks showed that they were all associated with feeds, namely Brazilian peanut meal . An intensive investigation of the suspect peanut meal was undertaken and it was quickly found that this peanut meal was highly toxic to poultry and ducklings with symptoms typical of Turkey X disease .

Speculations made during 1960 regarding the nature of the toxin suggested that it might be of fungal origin. In fact, the toxin-producing fungus was identified as Aspergillus flavus (1961) and the toxin was given the name Aflatoxin by virtue of its origin (A.flavis--> Afla).

This discovery has led to a growing awareness of the potential hazards of these substances as contaminants of food and feed causing illness and even death in humans and other mammals. Studies that are summarized in the following sections revealed that aflatoxins are produced primarily by some strains of A. Flavus and by most , if not all , strains of A. parasiticus , plus related species, A. nomius and A. niger . Moreover , these studies also revealed that there are four major aflatoxins : B1 , B2 , G1 , G2 plus two additional metabolic products , M1 and M2 , that are of significance as direct contaminants of foods and feeds . The aflatoxins M1 and M2 were first isolated from milk of lactating animals fed aflatoxin preparations ; hence , the M designation . Whereas the B designation of aflatoxins B1 and B2 resulted from the exhibition of blue fluorescence under UV-light , while the G designation refers to the yellow-green fluorescence of the relevant structures under UV-light . These toxins have closely similar structures and form a unique group of highly oxygenated, naturally occuring heterocyclic compounds . Their molecular formulas as established from elementary analyses and mass spectrometric determinations are :

    * B1 : C17 H12 O6

    * B2 : C17 H14 O6

    * G1 : C17 H12 O7

    * G2 : C17 H14 O7

Aflatoxins B2 and G2 were established as the dihydroxy derivatives of B1 and G1 , respectively . Whereas , aflatoxin M1 is 4-hydroxy aflatoxin B1 and aflatoxin M2 is 4-dihydroxy aflatoxin B2 .
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Occurence

      In Raw Agricultural Products :

      Aflatoxins often occur in crops in the field prior to harvest . Postharvest contamination can occur if crop drying is delayed and during storage of the crop if water is allowed to exceed critical values for the mold growth . Insect or rodent infestations facilitate mold invasion of some stored commodities.

      Aflatoxins are detected occasionally in milk, cheese, corn, peanuts, cottonseed, nuts, almonds, figs, spices, and a variety of other foods and feeds . Milk, eggs, and meat products are sometimes contaminated because of the animal consumption of aflatoxin-contaminated feed . However, the commodities with the highest risk of aflatoxin contamination are corn, peanuts, and cottonseed.

      In Processed Foods :

      Corn is probably the commodity of greatest worldwide concern , because it is grown in climates that are likely to have perennial contamination with aflatoxins and corn is the staple food of many countries . However, procedures used in the processing of corn help to reduce contamination of the resulting food product . This is because although aflatoxins are stable to moderately stable in most food processes , they are unstable in processes such as those used in making tortillas that employ alkaline conditions or oxidizing steps . Aflatoxin-contaminated corn and cottonseed meal in dairy rations have resulted in aflatoxin M1 contaminated milk and milk products , including non-fat dry milk , cheese , and yogurt .
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Factors Favorizing Aflatoxin Production

Fungal growth and aflatoxin contamination are the consequence of interactions among the fungus, the host and the environment . The appropriate combination of these factors determine the infestation and colonization of the substrate , and the type and amount of aflatoxin produced . However , a suitable substrate is required for fungal growth and subsequent toxin production , although the precise factor(s) that initiates toxin formation is not well understood . Water stress , high-temperature stress , and insect damage of the host plant are major determinig factors in mold infestation and toxin production . Similarly , specific crop growth stages, poor fertility , high crop densities, and weed competition have been associated with increased mold growth and toxin production. Aflatoxin formation is also affected by associated growth of other molds or microbes . For example, preharvest aflatoxin contamination of peanuts and corn is favored by high temperatures, prolonged drought conditions, and high insect activity; while postharvest production of aflatoxins on corn and peanuts is favored by warm temperatures and high humidity.
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Aflatoxicosis and Animal Health

Aflatoxicosis is primarily a hepatic disease . The susceptibility of individual animals to aflatoxins varies considerably depending on species, age, sex, and nutrition . In fact, aflatoxins cause liver damage, decreased milk and egg production, recurrent infection as a result of immunity suppression (eg. salmonellosis), in addition to embryo toxicity in animals consuming low dietary concentrations. While the young of a species are most susceptible, all ages are affected but in different degrees for different species. Clinical signs of aflatoxicosis in animals include gastrointestinal dysfunction, reduced reproductivity, reduced feed utilization and efficiency , anemia, and jaundice. Nursing animals may be affected as a result of the conversion of aflatoxin B1 to the metabolite aflatoxin M1 excreted in milk of dairy cattle.

The induction of cancer by aflatoxins has been extensively studied. Aflatoxin B1, aflatoxin M1, and aflatoxin G1 have been shown to cause various types of cancer in different animal species. However, only aflatoxin B1 is considered by the International Agency for Research on Cancer (IARC) as having produced sufficient evidence of carcinogenicity in experimental animals to be identified as a carcinogen.
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Aflatoxins and Human Health

Humans are exposed to aflatoxins by consuming foods contaminated with products of fungal growth . Such exposure is difficult to avoid because fungal growth in foods is not easy to prevent . Even though heavily contaminated food supplies are not permitted in the market place in developed countries, concern still remains for the possible adverse effects resulting from long-term exposure to low levels of aflatoxins in the food supply .

Evidence of acute aflatoxicosis in humans has been reported from many parts of the world , namely the Third World Countries, like Taiwan, Ouganda, India, and many others . The syndrome is characterized by vomiting, abdominal pain, pulmonary edema, convulsions, coma, and death with cerebral edema and fatty involvment of the liver , kidneys , and heart.

Conditions increasing the likelihood of acute aflatoxicosis in humans include limited availability of food, environmental conditions that favor fungal development in crops and commodities, and lack of regulatory systems for aflatoxin monitoring and control.

Because aflatoxins, especially aflatoxin B1, are potent carcinogens in some animals, there is interest in the effects of long-term exposure to low levels of these important mycotoxins on humans . In 1988, the IARC placed aflatoxin B1 on the list of human carcinogens. This is supported by a number of epidemiological studies done in Asia and Africa that have demonstrated a positive association between dietary aflatoxins and Liver Cell Cancer (LCC) . Additionally , the expression of aflatoxin-related diseases in humans may be influenced by factors such as age, sex, nutritional status, and/or concurrent exposure to other causative agents such as viral hepatitis (HBV) or parasite infestation.
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Recent Methods of Analysis for Aflatoxins in Foods and Feeds

      Sampling and Sample Preparation :

      Sampling and sample preparation remain a considerable source of error in the analytical identification of aflatoxins. Thus, systematic approaches to sampling, sample preparation, and analysis are absolutely necessary to determine aflatoxins at the parts-per-billion level . In this regard, specific plans have been developed and tested rigorously for some commodities such as corn, peanuts, and tree nuts; sampling plans for some other commodities have been modeled after them. A common feature of all sampling plans is that the entire primary sample must be ground and mixed so that the analytical test portion has the same concentration of toxin as the original sample.

      Solid-Phase Extraction :

      All analytical procedures include three steps: extraction, purification, and determination. The most significant recent improvement in the purification step is the use of solid-phase extraction.

      Test extracts are cleaned up before instrumental analysis(thin layer or liquid chromatography) to remove coextracted materials that often interfere with the determination of target analytes.

      Thin-Layer Chromatography :

      Thin layer chromatography (TLC) , also known as flat bed chromatography or planar chromatography is one of the most widely used separation techniques in aflatoxin analysis. Since 1990, it has been considered the AOAC official method and the method of choice to identify and quantitate aflatoxins at levels as low as 1 ng/g. The TLC method is also used to verify findings by newer, more rapid techniques .

      Liquid Chromatography :

      Liquid chromatography (LC) is similar to TLC in many respects, including analyte application, stationary phase, and mobile phase. Liguid chromatography and TLC complement each other. For an analyst to use TLC for preliminary work to optimize LC separation conditions is not unusual.

      Liquid chromatography methods for the determination of aflatoxins in foods include normal-phase LC (NPLC), reversed-phase LC (RPLC) with pre- or before-column derivatization (BCD), RPLC followed by postcolumn derivatization (PCD), and RPLC with electrochemical detection.

      Immunochemical Methods :

      Thin layer chromatography and LC methods for determining aflatoxins in food are laborious and time consuming . Often, these techniques require knowledge and experience of chromatographic techniques to solve sepatation and and interference problems. Through advances in biotechnology, highly specific antibody-based tests are now commercially available that can identify and measure aflatoxins in food in less than 10 minutes. These tests are based on the affinities of the monoclonal or polyclonal antibodies for aflatoxins. The three types of immunochemical methods are radioimmunoassay (RIA), enzyme-linked immunosorbent assay (ELISA), and immunoaffinity column assay (ICA).

      Confirmation of Identities of the Aflatoxins :

      Although analytical methods might consist of different extraction, clean-up, and quantitation steps, the results of the analyses by such methods should be similar when the methods are applied properly. Since the reliability of the quantitative data is not in question, the problem still to be solved is the confirmation of identity of the aflatoxins. The confirmation techniques used involve either chemical derivatization or mass spectrometry (MS).

      Safety Issues in Handling Moldy Grains and Aflatoxins :

      Safety is a key issue for scientists working in the aflatoxin area. Steps must be taken to minimize exposure to the toxins as well as to the producing microorganisms, Aspergillus flavus and Aspergillus parasiticus. A safety program should be established that meets the requirements of the Laboratory Standard of the Occupational Safety and Health Administration (1990) and the guidelines of the National Institutes of Health (1981) covering use of chemical carcinogens .
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Monitoring Techniques for Assessing Human Exposure to Aflatoxins

In the last few years, new technologies have been developed that more accurately monitor individual exposures to aflatoxins. Particular attention has been paid to the analysis of aflatoxin DNA adducts and albumin adducts as surrogates for genotoxicity in people. Autrup et al.(1983) pioneered the use of synchronous fluorescence spectroscopy for the measurement of aflatoxin DNA adducts in urine. Urine samples collected after exposure to alfatoxins were found to contain 2,3-dihydroxy-2-(N7-guanyl)-3-hydroxyaflatoxin B1, trivially known as AFB-Gual . Wild et al.(1986) used highly sensitive immunoassays to quantitate aflatoxins in human body fluids. An enzyme linked immunosorbent assay (ELISA) was used to quantitate aflatoxin B1 over the range of 0.01 ng /ml to 10 ng/ml , and was validated in human urine samples. Using this method, aflatoxin-DNA adduct excretion into urine was found to be positively correlated with dietary intake, and the major aflatoxin B1-DNA adduct excreted in urine was shown to be an appropriate dosimeter for monitoring aflatoxin dietary exposure.
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Control and Management of Aflatoxins

A- Regulatory Control :

Aflatoxins are considered unavoidable contaminants of food and feed, even where good manufacturing practices have been followed. The FDA has established specific guidelines on acceptable levels of aflatoxins in human food and animal feed by establishing action levels that allow for the removal of violative lots from commerce. The action level for human food is 20 ppb total aflatoxins, with the exception of milk which has an action level of 0.5 ppb for aflatoxin M1. The action level for most feeds is also 20 ppb. However, it is very difficult to accurately estimate aflatoxins concentration in a large quantity of material because of the variability associated with testing procedures; hence, the true aflatoxin concentration in a lot cannot be determined with 100% certainty.

B- Detoxification Strategies :

Because aflatoxin contamination is unavoidable, numerous strategies for their detoxification have been proposed. These include physical methods of separation, thermal inactivation, irradiation, solvent extraction, adsorption from solution, microbial inactivation, and fermentation. Chemical methods of detoxification are also practiced as a major strategy for effective detoxification :

    * Structural Degradation Following Chemical Treatment :

      A diverse group of chemicals has been tested for the ability to degrade and inactivate aflatoxins. A number of these chemicals can react to destroy (or degrade) aflatoxins effectively but most are impractical or potentially unsafe because of the formation of toxic residues or the perturbation of nutrient content and the organoleptic properties of the product. Two chemical approaches to the detoxification of aflatoxins that have received considerable attention are ammoniation and reaction with sodium bisulfite.

      Many studies provide evidence that chemical treatment via ammoniation may provide an effective method to detoxify aflatoxin-contaminated corn and other commodities. The mechanism for this action appears to involve hydrolysis of the lactone ring and chemical conversion of the parent compound aflatoxin B1 to numerous products that exhibit greatly decreased toxicity.

      On the other hand, sodium bisulfite has been shown to react with aflatoxins (B1, G1 , and M1) under various conditions of temperature, concentration, and time to form water-soluble products.

    * Modification of Toxicity by Dietary Chemicals :

      The toxicity of mycotoxins may be strongly influenced by dietary chemicals that alter the normal responses of mammalian systems to these substances. A variable array of chemical factors, including nutritional components (e.g. dietary protein and fat, vitamins, and trace elements), food and feed additives (e.g. antibiotics and preservatives), as well as other chemical factors may interact with the effects of aflatoxins in animals.

    * Alteration of Bioavailability by Aflatoxin chemisorbents :

      A new approach to the detoxification of aflatoxins is the addition of inorganic sorbent materials, known as chemisorbents, such as hydrated sodium calcium aluminosilicate (HSCAS) to the diet of animals. HSCAS possesses the ability to tightly bind and immobilize aflatoxins in the gastrointestinal tract of animals, resulting in a major reduction in aflatoxin bioavailability.
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Economic Impact of Aflatoxins

The economic impact of aflatoxins derive directly from crop and livestock losses as well as indirectly from the cost of regulatory programs designed to reduce risks to animal and human health. The Food and Agriculture Organization (FAO) estimates that 25% of the world's food crops are affected by mycotoxins, of which the most notorious are aflatoxins. Aflatoxin losses to livestock and poultry producers from aflatoxin-contaminated feeds include death and the more subtle effects of immune system suppression, reduced growth rates, and losses in feed efficiency. Other adverse economic effects of aflatoxins include lower yields for food and fiber crops .

In addition, the abilitiy of aflatoxins to cause cancer and related diseases in humans given their seemingly unavoidable occurrence in foods and feeds make the prevention and detoxification of these mycotoxins one of the most challenging toxicology issues of present time.
IMPORTANCE OF AFLATOXINS IN HUMAN AND LIVESTOCK HEALTH

Ananth S Bommakanti, and Farid Waliyar.

Introduction

Aflatoxins are one of the most potent toxic substances that occur naturally. These are a group of closely related mycotoxins produced by fungi Aspergillus flavus and A. parasiticus. Aflatoxicosis is poisoning that result from ingestion of aflatoxins in contaminated food or feed. Aflatoxin poisoning is reported from all parts of world in almost all domestic and non domestic animals like cattle, horses, rabbits, and other non human primates. Aflatoxicoses is also reported in humans in many parts of the world.
Exposure to Aflatoxin

Diet is the major way through which humans as well as animals are exposed to aflatoxins. Apart from this, exposure to aflatoxin can be through ingestion of contaminated milk containing Aflatoxin M1(metabolite of AFB1).Occupational exposure to aflatoxins in agricultural workers, people working in oil mills, and granaries have been reported (Sorenson et al 1984).

Aflatoxin carcinogenecity

After wide experimentation on many animal species like rats, rainbow trout's, aflatoxin especially aflatoxin B1 is confirmed as a potential carcinogen (IARC 1993). Metabolism plays a major role in deciding the degree of toxicity (Eaton et al 1994). After ingestion, aflatoxin is metabolized by cytochrome p450 group of enzymes in the liver, where it is converted to many metabolic products like aflatoxicol, aflatoxin Q1, aflatoxin P1, and aflatoxin M1, depending on the genetic predisposition of the species. Along with the above another metabolite called aflatoxin 8,9 epoxide is also formed. The amount of this metabolite decides the species susceptibility as this can induce mutations by intercalating in to DNA ,by forming an adduct with guanine moiety in the DNA (Smela. et al 2001). This intercalation of Epoxide causes a Gà T transversion at codon 249 in p53 gene in liver, which may lead to hepatic carcinoma. This was observed in most of the experimental models, and it is presumed that this is the major reason for aflatoxin carcinogenecity (Katherine et al 1997 , Railey et al 97). Moreover species susceptibility to aflatoxin mainly depends on its liver detoxification systems, genetic make up, age and other nutritional factors (Howard et al 1990.)

According to Ames et al, 1990 only dioxins ( TD50 = 6.7 X 10-6 mg/kg/d) significantly exceeds AFB1 (TD50=9.3 x 10-4 mg/kg/d) in its potency. Using TD50 parameter aflatoxin B1 is 1000 times more potent as a carcinogen when compared to benzo pyrene ( Eaton. et al 1997). IARC has classified Aflatoxin as a group one carcinogen ( IARC 7th annual report on Carcinogens, 1987).
Health Aspects

Epidemiological, clinical, and experimental studies reveal that exposure to large doses(>6000mg) of aflatoxin may cause acute toxicity with lethal effect whereas exposure to small doses for prolonged periods is carcinogenic (Groopmann et al 1988 ) The adverse effects of aflatoxins on animal can be categorized into two general forms.

    * Acute Toxicity

    * Chronic Toxicity

Acute Toxicity

Acute toxicity is caused when large doses of aflatoxin are ingested. This is common in livestock. The principal target organ for aflatoxins is the liver. After the invasion of aflatoxins into the liver, lipids infiltrate hepatocytes and leads to necrosis or liver cell death. This is mainly because aflatoxin metabolites react negatively with different cell proteins, which leads to inhibition of carbohydrate and lipid metabolism and protein synthesis. In correlation with the decrease in liver function, there is a derangement of the blood clotting mechanism, icterus (jaundice), and a decrease in essential serum proteins synthesized by the liver. Other general signs of Aflatoxicosis are edema of the lower extremities, abdominal pain, and vomiting. The most sever case of acute poisoning of aflatoxin was reported in north-west India in 1974 where 25% of the exposed population died after ingestion of the molded maize with aflatoxin levels ranging from 6250 to 15600 mg/kg.
Chronic Toxicity

This is due to long term exposure of moderate to low aflatoxin concentration. The symptoms include decrease in growth rate, lowered milk or egg production, and immuno suppression. There is some observed carcinogenecity, mainly related to aflatoxin B1. Liver damage is apparent due to the yellow color that is characteristic of jaundice, and the gall bladder becomes swollen. Immuno-suppression is due to the reactivity of aflatoxins with T-cells, decrease in Vitamin K activities, and a decrease in phagocytic activity in macrophages. These immuno suppressive effects of aflatoxins predispose the animals to many secondary infections due to other fungi, bacteria and viruses. (Robens et al 1992, Mclean 1995)

Aflatoxin and Hepatitis

Many experiments conducted in different areas especially in China and in the African countries, have shown high incidence of hepatitis B virus infection where dietary exposure to aflatoxins was prevalent. Subsequent research proved that both aflatoxins and hepatitis B virus act synergistically in the etiology of liver cancer (Montesano et al 1997, Groopman et al 1996.)
Aflatoxins and Animal Health

No animal species is resistant to the acute toxic effects of aflatoxins.A wide variation in LD50 values has been obtained in animal species tested with single doses of aflatoxins. For most species, the LD50 value ranges from 0.5 to 10-mg/kg body weight. Animal species respond differently in their susceptibility to the chronic and acute toxicity of aflatoxins. Environmental factors, exposure level, and duration of exposure beside age, health, and nutritional status of diet can influence the toxicity ( FAO web library 2000).

Table 1. Acute toxicity of aflatoxin B1 expressed as a single oral dose LD50 (FAO web library)

	Species
	LD50 mg kg -1 bodyweight

	Rabbit
	0.30

	Duckling (11 day old)
	0.43

	Cat
	0.55

	Pig 
	0.60

	Rainbow trout
	0.80

	Dog
	0.50 - 1.00

	Sheep 
	1.00 - 2.00

	Guinea pig
	1.40 - 2.00

	Baboon
	2.00

	Chicken
	6.30

	Rat (male)
	5.50 - 7.20

	Rat (female)
	17.90

	Macaque (female)
	7.80

	Mouse
	9.00

	Hamster
	10.20


Specific Species Affects (Reed et al, 1987)

Swine

Aflatoxicosis in swine is mainly due to the fact that corn is a large part of their diet. Studies show that 0.4 ppm in the diet, from weaning to market weight, will have negative effects on health and growth rate. This is due, in part, to the decrease in feed efficiency of the infected feed. Piglets are more susceptible than adults and it has been shown that feeding sows AFM 1, during lactation, can cause stunted growth in her litter. Large doses of aflatoxins have been shown to produce hepatic necrosis. The effects of aflatoxicosis can be compounded with the addition of stress. This can lead to ataxia and induced hemorrhaging. The hemorrhaging is due to the prolonged blood clotting time caused by lack of Vitamin K utilization. Treatment with Vitamin K, menadione, and even protein supplementation have shown to have some proactive affects for reducing the effects of aflatoxicosis in swine.

Poultry

Aflatoxicosis has the same toxic effects in poultry as it does in mammals. A dose of 0.25 ppm in turkey pouts and ducklings impairs growth, and a dose of 1.5 ppm in broilers and 4 ppm in Japanese quail has a negative affect on growth. An increase in blood clotting time increases the susceptibility of the carcass to bruising even at doses below that to have an affect on growth. In poultry, aflatoxins impair the availability of bile salts, which decreases Vitamin D3 production. This causes a decrease in the absorption of fat-soluble vitamins. Aflatoxins also decrease the production of Vitamin A in the liver, and it has secondary effects such as decreased blood calcium levels, decreased bone strength, and a decreased tissue and serum tocopherol level. This decrease in tocopherol levels can lead to Vitamin A and E deficiencies.

Ruminants

The effects of aflatoxicosis in ruminants are similar to those of non-ruminants. Calves are more sensitive than yearlings and adults. A dose of 0.2 mg/kg body weight can cause a decrease in weight gains. This can be attributed to poor feed utilization and a dramatic increase in alkaline phosphate activity in the rumen. Chronic aflatoxicosis in adult ruminants can cause anorexia, drying and peeling of the skin on the muzzle, rectal prolapse, and abdominal edema. Aflatoxicosis has also been shown to cause decreased fertility, abortion, and lowered birth weights in sheep. Some evidence on aflatoxicosis shows an effect on rumen microflora. This is characterized by a decrease in cellulolysis, VFA production, and ammonium formation.

Rabbits

These are highly susceptible species to afaltoxins. The LD50 in rabbits was determined as 300mg/kg Aflatoxin contaminated feed cause hemolytic anemia in rabbits fed with a dosage of 15 mg/kg for 30 days. Strong cytotoxic effects are also seen (Verma et al, 1998).

Aflatoxin and Human health

Aflatoxicoses in humans was reported in many countries like India, China, Thailand, and several African countries. In African and Asian countries, where environmental condition favor the aflatoxin contamination, threat to human health from aflatoxins is quiet high. Studies on aflatoxin exposure and incidence of liver cancer by Groopmann and Wild(1994-2001) in places like China and West Africa showed that the situation was alarming. (Aspen cancer conference, 2001).

Studies relating to aflatoxin exposure of humans in India are not being done actively. However, this problem is present and may break loose at any time in near future, as incidence of aflatoxin contamination in foods and feeds is very common.

Aflatoxin and children

Foetal and childhood environment, including the nutritional status of the pregnant mother and the infant, are considered critical for growth and risk of disease in earlier life. Mal-nourishment is one of the common problems in developing countries. Apart from these, they are also exposed to high levels of mycotoxins. Aflatoxins are the major among these. It has been proved that these aflatoxins are immunogenic, teratogenic, and they retard the growth among experimental animals. In the developing countries like India and China, the environmental conditions favor their production. High exposure of these aflatoxins occurs through out these regions. A study in West Africa showed a significant correlation among the aflatoxin exposure and stunted growth in children who are exposed to aflatoxin right for neonatal stages ( Gong et al 2002). Apart from that due to the capacity of aflatoxins to cross the placental barrier, can cause genetic defects at foetal stages itself (Maxwell et al 1998 ).

In view of the importance of mycotoxins in food and feed, ICRISAT has developed major partnerships with several institutions to address this problem. Approaches such as developing resistant varieties, biological control, agronomic practices and Integrated Aflatoxin management are exploited. Such information is available at ICRISAT and in this web site. These technologies will contribute reducing risk on human and animal health.
Aflatoxicosis

Aflatoxicosis is poisoning that results from ingestion of aflatoxins in contaminated food or feed. The aflatoxins are a group of structurally related toxic compounds produced by certain strains of the fungi Aspergillus flavus and A. parasiticus. Under favorable conditions of temperature and humidity, these fungi grow on certain foods and feeds, resulting in the production of aflatoxins. The most pronounced contamination has been encountered in tree nuts, peanuts, and other oilseeds, including corn and cottonseed. The major aflatoxins of concern are designated B1, B2, G1, and G2. These toxins are usually found together in various foods and feeds in various proportions; however, aflatoxin B1 is usually predominant and is the most toxic. When a commodity is analyzed by thin-layer chromatography, the aflatoxins separate into the individual components in the order given above; however, the first two fluoresce blue when viewed under ultraviolet light and the second two fluoresce green. Aflatoxin M a major metabolic product of aflatoxin B1 in animals and is usually excreted in the milk and urine of dairy cattle and other mammalian species that have consumed aflatoxin-contaminated food or feed.

3. Nature of Disease: 
Aflatoxins produce acute necrosis, cirrhosis, and carcinoma of the liver in a number of animal species; no animal species is resistant to the acute toxic effects of aflatoxins; hence it is logical to assume that humans may be similarly affected. A wide variation in LD50 values has been obtained in animal species tested with single doses of aflatoxins. For most species, the LD50 value ranges from 0.5 to 10 mg/kg body weight. Animal species respond differently in their susceptibility to the chronic and acute toxicity of aflatoxins. The toxicity can be influenced by environmental factors, exposure level, and duration of exposure, age, health, and nutritional status of diet. Aflatoxin B1 is a very potent carcinogen in many species, including nonhuman primates, birds, fish, and rodents. In each species, the liver is the primary target organ of acute injury. Metabolism plays a major role in determining the toxicity of aflatoxin B1; studies show that this aflatoxion requires metabolic activation to exert its carcinogenic effect, and these effects can be modified by induction or inhibition of the mixed function oxidase system.

4. Diagnosis of Human Illness: 
Aflatoxicosis in humans has rarely been reported; however, such cases are not always recognized. Aflatoxicosis may be suspected when a disease outbreak exhibits the following characteristics:

    * the cause is not readily identifiable

    * the condition is not transmissible

    * syndromes may be associated with certain batches of food

    * treatment with antibiotics or other drugs has little effect

    * the outbreak may be seasonal, i.e., weather conditions may affect mold growth.

The adverse effects of aflatoxins in animals (and presumably in humans) have been categorized in two general forms.

A. (Primary) Acute aflatoxicosis is produced when moderate to high levels of aflatoxins are consumed. Specific, acute episodes of disease ensue may include hemorrhage, acute liver damage, edema, alteration in digestion, absorption and/or metabolism of nutrients, and possibly death.

B. (Primary) Chronic aflatoxicosis results from ingestion of low to moderate levels of aflatoxins. The effects are usually subclinical and difficult to recognize. Some of the common symptoms are impaired food conversion and slower rates of growth with or without the production of an overt aflatoxin syndrome.

5. Associated Foods: 
In the United States, aflatoxins have been identified in corn and corn products, peanuts and peanut products, cottonseed, milk, and tree nuts such as Brazil nuts, pecans, pistachio nuts, and walnuts. Other grains and nuts are susceptible but less prone to contamination.

6. Relative Frequency of Disease: 
The relative frequency of aflatoxicosis in humans in the United States is not known. No outbreaks have been reported in humans. Sporadic cases have been reported in animals.

7. Course of Disease and Complications: 
In well-developed countries, aflatoxin contamination rarely occurs in foods at levels that cause acute aflatoxicosis in humans. In view of this, studies on human toxicity from ingestion of aflatoxins have focused on their carcinogenic potential. The relative susceptibility of humans to aflatoxins is not known, even though epidemiological studies in Africa and Southeast Asia, where there is a high incidence of hepatoma, have revealed an association between cancer incidence and the aflatoxin content of the diet. These studies have not proved a cause-effect relationship, but the evidence suggests an association.

One of the most important accounts of aflatoxicosis in humans occurred in more than 150 villages in adjacent districts of two neighboring states in northwest India in the fall of 1974. According to one report of this outbreak, 397 persons were affected and 108 persons died. In this outbreak, contaminated corn was the major dietary constituent, and aflatoxin levels of 0.25 to 15 mg/kg were found. The daily aflatoxin B1 intake was estimated to have been at least 55 ug/kg body weight for an undetermined number of days. The patients experienced high fever, rapid progressive jaundice, edema of the limbs, pain, vomiting, and swollen livers. One investigator reported a peculiar and very notable feature of the outbreak: the appearance of signs of disease in one village population was preceded by a similar disease in domestic dogs, which was usually fatal. Histopathological examination of humans showed extensive bile duct proliferation and periportal fibrosis of the liver together with gastrointestinal hemorrhages. A 10-year follow-up of the Indian outbreak found the survivors fully recovered with no ill effects from the experience.

A second outbreak of aflatoxicosis was reported from Kenya in 1982. There were 20 hospital admissions with a 60% mortality; daily aflatoxin intake was estimated to be at least 38 ug/kg body weight for an undetermined number of days.

In a deliberate suicide attempt, a laboratory worker ingested 12 ug/kg body weight of aflatoxin B1 per day over a 2-day period and 6 months later, 11 ug/kg body weight per day over a 14-day period. Except for transient rash, nausea and headache, there were no ill effects; hence, these levels may serve as possible no-effect levels for aflatoxin B1 in humans. In a 14-year follow-up, a physical examination and blood chemistry, including tests for liver function, were normal.

8. Target Populations: 
Although humans and animals are susceptible to the effects of acute aflatoxicosis, the chances of human exposure to acute levels of aflatoxin is remote in well-developed countries. In undeveloped countries, human susceptibility can vary with age, health, and level and duration of exposure.

9. Food Analysis: 
Many chemical procedures have been developed to identify and measure aflatoxins in various commodities. The basic steps include extraction, lipid removal, cleanup, separation and quantification. Depending on the nature of the commodity, methods can sometimes be simplified by omitting unnecessary steps. Chemical methods have been developed for peanuts, corn, cottonseed, various tree nuts, and animal feeds. Chemical methods for aflatoxin in milk and dairy products are far more sensitive than for the above commodities because the aflatoxin M animal metabolite is usually found at much lower levels (ppb and ppt). All collaboratively studied methods for aflatoxin analysis are described in Chapter 26 of the AOAC Official Methods of Analysis.

10. Selected Outbreaks: 
Literature references can be found at the links below.

  
Very little information is available on outbreaks of aflatoxicosis in humans because medical services are less developed in the areas of the world where high levels of contamination of aflatoxins occur in foods, and, therefore, many cases go unnoticed.

Morbidity and Mortality Weekly Reports 
For more information on recent outbreaks see the Morbidity and Mortality Weekly Reports from CDC.

11. Education and Background Resources: 
Literature references can be found at the links below.

Loci index for genome Aspergillus flavus

Aspergillus parasiticus 
Available from the GenBank Taxonomy database, which contains the names of all organisms that are represented in the genetic databases with at least one nucleotide or protein sequence.

PROPERTIES OF AFLATOXIN AND IT PRODUCING FUNGI

Reddy,S.V. and Farid Waliyar

Many agricultural commodities are vulnerable to attack by a group of fungi that are able to produce toxic metabolites called mycotoxins. Among various mycotoxins, aflatoxins have assumed significance due to their deleterious effects on human beings, poultry and livestock. The aflatoxin problem was first recognized in 1960, when there was severe outbreak of a disease referred as "Turkey 'X' Disease" in UK, in which over 100,000 turkey poults were died. The cause of the disease was shown due to toxins in peanut meal infected with Aspergillus flavus and the toxins were named as aflatoxins.

Natural occurrence:

Food products contaminated with aflatoxins include cereal (maize, sorghum, pearl millet, rice, wheat), oilseeds (groundnut, soybean, sunflower, cotton), spices (chillies, black pepper, coriander, turmeric, zinger), tree nuts (almonds, pistachio, walnuts, coconut) and milk.

Physical and chemical properties:

Aflatoxins are potent toxic, carcinogenic, mutagenic, immunosuppressive agents, produced as secondary metabolites by the fungus Aspergillus flavus and A. parasiticus on variety of food products. Among 18 different types of aflatoxins identified, major members are aflatoxin B1, B2, G1 and G2. Aflatoxin B1 (AFB1) is normally predominant in amount in cultures as well as in food products. Pure AFB1 is pale-white to yellow crystalline, odorless solid. Aflatoxins are soluble in methanol, chloroform, actone, acetonitrile. A. flavus typically produces AFB1 and AFB2, where as A. parasiticus produce AFG1 and AFG2 as well as AFB1 and AFB2. Four other aflatoxins M1, M2, B2A, G2A which may be produced in minor amounts were subsequently isolated from cultures of A. flavus and A. parasiticus. A number of closely related compounds namely aflatoxin GM1, parasiticol and aflatoxicol are also produced by A. flavus. Aflatoxin M1and M2 are major metabolites of aflatoxin B1 and B2 respectively, found in milk of animals that have consumed feed contaminated with aflatoxins.

Aflatoxins are normally refers to the group of difuranocoumarins and classified in two broad groups according to their chemical structure; the difurocoumarocyclopentenone series (AFB1, AFB2, AFB2A, AFM1, AFM2, AFM2A and aflatoxicol) and the difurocoumarolactone series (AFG1, AFG2, AFG2A, AFGM1, AFGM2, AFGM2A and AFB3). The aflatoxins display potency of toxicity, carcinogenicity, mutagenicity in the order of AFB1 > AFG1 > AFB2 > AFG2 as illustrated by their LD50 values for day-old ducklings. Structurally the dihydrofuran moiety, containing double bond, and the constituents liked to the coumarin moiety are of importance in producing biological effects. The aflatoxins fluoresce strongly in ultraviolet light (ca. 365 nm); B1 and B2 produce a blue fluorescence where as G1 and G2 produce green fluorescence.

Chemical and physical properties of aflatoxins

---------------------------------------------------------------------------------------------------

Aflatoxin            Molecular formula       Molecular weight      Melting point

---------------------------------------------------------------------------------------------------

B1                     C17 H12O6                312                               268-269

B2                     C17 H14O6                  314                               286-289

G1                     C17 H12O7                328                               244-246

G2                     C17 H14O7                330                               237-240

M1                    C17 H12O7                   328                               299

M2                    C17 H14O7                 330                               293

B2A                    C17 H14O7                330                               240

G2A                   C17 H14O8                 346                               190

 Chemical reactions of aflatoxins

The reaction of aflatoxins to various physical conditions and reagents have been studied extensively because of the possible application of such reactions to the detoxification of aflatoxins contaminated material.

Heat:

Aflatoxins in dry state are very stable to heat up to the melting point. However, in the presence of moisture and at elevated temperatures there is destruction of aflatoxin over a period of time. Such destruction can occur either with aflatoxin in oilseed meals, aflatoxin in roasted peanuts or aflatoxin in aqueous solution at pH 7. Although the reaction products have not been examined in detail it seems likely that such treatment leads to opening of the lactone ring with the possibility of decarboxylation at elevated temperatures.

Alkalis:

In alkali solution hydrolysis of the lactone moiety occurs. This hydrolysis appears to be reversible, since it has been shown that recyclization occurs following acidification of a basic solution containing aflatoxin. At higher temperatures (ca. 100oC) ring opening followed by decarboxylation occurs and reaction may proceed further, leading to the loss of the methoxy group from the aromatic ring. Similar series of reactions also seems to occur with ammonia and various amines.

Acids:

In the presence of mineral acids, aflatoxin B1 and G1 are converted in to aflatoxin B2A and G2A due to acid-catalyzed addition of water across the double bond in the furan ring. In the presence of acetic anhydride and hydrochloric acid the reation proceeds further to give the acetoxy derivative. Similar adducts of aflatoxin B1 and G1 are formed with formic acid-thionyl chloride, acetic acid-thionyl chloride and trifluoroacetic acid.

Oxidizing agents:

Many oxidizing agents, such as sodium hypochlorite, potassium permanganate, chlorine, hydrogen peroxide, ozone and sodium perborate react with aflatoxin and change the aflatoxin molecule in some way as indicated by the loss of fluorescence. The mechanisms of these reactions are uncertain and the reaction products remain unidentified in most cases.

Reduction:

Hydrogenation of aflatoxin B1 and G1 yields aflatoxin B2 and G2 respectively. Further reduction of aflatoxin B1 by 3 moles of hydrogen yields tetrahydroxyaflatoxin. Reduction of aflatoxin B1 and B2 with sodium borohydride yielded aflatoxin RB1 and RB2 respectively. These arise as a result of opening of the lactone ring followed by reduction of the acid group and reduction of the keto group in the cyclopentene ring.

Biology of A. flavus Link ex Fr. and A. parasiticus Spear:

The two fungi A. flavus and A. parasiticus are closely related and grow as a saprophyte on plant debris of many crop plants left on and in the soil. They are distributed worldwide, with a tendency to be more common in countries with tropical climates that have extreme ranges of rainfall, temperature and humidity. Members of the genus Aspergillus are characterized by the production of non-septate conidiophores, which are quite distinct from hyphae and which are swollen at the top to form a vesicle on which numerous specialized spore-producing cells, known as phialides or sterigmata are borne either directly (uniseriate) or on short outgrowths known as metulae (biseriate). Some time difficulty may arise especially to determine because the primary sterigmata are tiny and are easily obscured by spores or other sterigmata. Colonies of A. flavus are green-yellow to yellow-green or green on Czapek's agar. They usually have biseriate sterigmata; reddish-brown sclerotia are often present, conidia are finely roughened, variable in size and oval to spherical in shape. Colonies of A. parasiticus dark green on Czepak's agar, remain green with age. Sterigmata are uniseriate, sclerotia are usually absent; conidia are coarsely echinulate, uniform in shape, size and echinulation.

Terminal portion of a conidiophore of A. flavus showing the basal portion of the vesicle and distribution of radiation phialides (arrows). X 1000.

Phialides and chains of conidia of A. parasiticus illustrating basipetal development of conidia. Those at the base of the chains (arrows) are least mature. X 3000.

Effect of A. flavus and aflatoxins contamination:

Deteriorate in grain quality due to A. flavus growth and become unfit for marketing and consumption. In groundnut, seed and non-emerged seedling decay and aflaroot disease was observed due to fungus attack. Aflatoxins contamination in grain poses a great threat to human and livestock health as well as international trade. According to FAO estimates, 25% of the world food crops are affected by mycotoxins each year. And also crop loss due to aflatoxins contamination costs US producers more than $100 million per year on average including $ 26 millions to peanuts ($69.34/ha).
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Terminal portion of a conidiophore of A. flavus showing the basal portion of the vesicle and distribution of radiation phialides (arrows). X 1000.
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Phialides and chains of conidia of A. parasiticus illustrating basipetal development of conidia. Those at the base of the chains (arrows) are least mature. X 3000.
--------------------------------------------------------------------------------------------------
Aflatoxin            Molecular formula       Molecular weight      Melting point
---------------------------------------------------------------------------------------------------
B1                     C17 H12O6                312                               268-269
B2                     C17 H14O6                  314                               286-289
G1                     C17 H12O7                328                               244-246
G2                     C17 H14O7                330                               237-240
M1                    C17 H12O7                   328                               299
M2                    C17 H14O7                 330                               293
B2A                    C17 H14O7                330                               240
G2A                   C17 H14O8                 346                               190
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Definition of Aflatoxin

Aflatoxin: A toxin produced by mold that can damage the liver and may lead to liver cancer. Aflatoxins cause cancer in some animals. 

The fungi that produce aflatoxin grow on crops such as peanuts (especially) and wheat, corn, beans and rice. Aflatoxin is a problem particularly in undeveloped and developing countries. 

Aflatoxin is a naturally occurring mycotoxin produced by two types of mold: Aspergillus flavus and Aspergillus parasiticus. Aspergillus flavus is common and widespread in nature and is most often found when certain grains are grown under stressful conditions such as drought. The mold occurs in soil, decaying vegetation, hay, and grains undergoing microbiological deterioration and invades all types of organic substrates whenever and wherever the conditions are favorable for its growth. Favorable conditions include high moisture content and high temperature. At least 13 different types of aflatoxin are produced in nature with aflatoxin B1 considered as the most toxic. While the presence of Aspergillus flavus does not always indicate harmful levels of aflatoxin it does mean that the potential for aflatoxin production is present.

http://en.wikipedia.org/wiki/Aflatoxin
http://www.ansci.cornell.edu/plants/toxicagents/aflatoxin/aflatoxin.html#Introduction
http://www.aflatoxin.info/health.asp
http://vm.cfsan.fda.gov/~mow/chap41.html
http://www.aflatoxin.info/aflatoxin.asp
http://www.medterms.com/script/main/art.asp?articlekey=10796
