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Abstract


Aflatoxins are the metabolites (mycotoxins) produced mainly by the fungi Aspergillus flavus and A.parasitica. Aflatoxins are first identified in United Kingdom in 1960's, where more than 1,00,000 Turkey poultry birds are killed due the ground nut meal contaminated with A.flavus. Aflatoxins are detected in groundnuts, treenuts, maize, rice, figs and other dried foods, spices and crude vegetable oils and cocoa beans, but the commodities with major risk of aflatoxin contamination are maize, groundnut and cotton seed. Various physical, chemical and biological methods are employed to decontaminate the aflatoxins. This manuscript reviews types of aflatoxins, physical and chemical properties, toxicity, and mode of action and detoxification of aflatoxins in foods.
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Introduction

Aflatoxins (a type of Mycotoxins) are a group of approximately 20 related fungal metabolites produced in cereals, maize grains, peanuts and animal feeds mainly by the fungi Aspergillus flavus and Aspergillus parasitica. The other aflatoxin producing species include A.bombycis, A. ochraceoroseus, A. pseudotamari, A.tamarii, Emericella astellata and Emericella venezuelensis, which are scarce in nature and occasionally found in agriculture compared to A.flavus and A.parasitica. Identification of aflatoxin was linked to a groundnut meal contaminated with A.flavus leading to mysterious disease "Turkey X disease" that
killed more than 1,00,000 Turkey poultry birds in England in 1960's. The toxic principles were named as aflatoxins (A.flavus toxins) [1]. Aflatoxin B1 is identified as the most powerful and lethal naturally occurring liver carcinogen. The atmospheric conditions conducive for aflatoxin production are high moisture during harvest, dry weather near crop maturity and inadequate drying and storage of crops [2]. Post harvesting conditions such as transport, storage (excess heat and moisture, pest related damage, long periods of storage) and food processing influence the production of aflatoxins. Aflatoxins are toxic to human and animal health. They cause liver and kidney damage, cause immunosuppressive, carcinogenic and mutagenic effects.




Types of Aflatoxins



Aflatoxin consists of a group of 20 fungal metabolites. Out of them only B1, B2, G1, G2, M1 and M2 are usually found in foods, where "B" and "G" referring to the blue and green fluorescent colors produced on thin layer chromatography plates under UV light, while the subscript numbers 1 and 2 indicate major and minor compounds, respectively. M1, M2 is the metabolites of B1, B2 found in human and animal milk. Aflatoxin B1 & B2 are produced by A.flavus and A.parasiticus. Aflatoxin G1 & G2 are produced by A.parasiticus [1,3,4].




Physical and Chemical Properties of Aflatoxins



Aflatoxins are colourless to pale yellow crystals, exhibiting fluorescence under UV light. They are slightly soluble in water (10-20μg/ml) and freely soluble in moderately polar solvents such as chloroform, menthol and dimethyl sulfoxide. They are unstable in UV light in presence of oxygen, unstable in extreme p H (<3 or >10). The lactone ring opens under alkaline conditions and the aflatoxins are destroyed, but this reaction is reversible on acidification. Ammoniation results in the opening of lactone ring at high temperature, causes decarboxylation of aflatoxins and this reaction is irreversible (Physical and chemical properties of aflatoxins). Some important physical and chemical properties of major aflatoxins are given in Table 1. 




Table 1: Physical and chemical properties of major aflatoxins.
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Occurencen and Exposure of Aflatoxins



Aflatoxins were first identified in 1961 in United Kingdom in animal feed responsible for the deaths of 100 000 turkeys. (IARC Monographs, Vol.82). Aflatoxins occur in the crops before harvesting and regarded as the mycotoxins originating from the field compared to the other mycotoxins, which are noticed in the post harvesting of field crops. The exposure of humans and live stock to aflatoxins is through foods such as groundnuts, treenuts, maize, rice, figs and other dried foods, spices and crude vegetable oils and cocoa beans, contaminated with fungi before and after harvest. Consumption of aflatoxin contaminated feed by animals' results in the contamination of milk, eggs and meat. The commodities with major risk of aflatoxin contamination are maize, groundnut and cotton seed. Aflatoxin M1 contaminated milk and milk products, including non-fat dry milk, cheese, ice creams and yogurts, is the result of Aflatoxin-contaminated corn and cottonseed meal in dairy feed. Even in the case of the butter, during its production due to its chemical lipid rich compostion, the accumulation and concentration of any Aflatoxin M1 present in milk usually accumulated in butter during production due to it's high lipid concentration [5,6].



Toxicity and Mode of Action of Aflatoxins



The aflatoxin B1 is considered as responsible for both toxicity as well as carcinogenicity. It was classified as group I carcinogen by the International Agency for Research on cancer. The diseases caused by the consumption of aflatoxins are known as aflatoxicoses. Chronic aflatoxicosis leads to cancer, immune suppression and other, slow pathological conditions, whereas acute aflatoxicosis leads to death. Liver is the main target organ and liver damage occurred when poultry, fish, rodents and non human primates are fed with the food is contaminated with aflatoxin B1. As the liver is a lipophilic organ, it stores and concentrates all compounds carried by blood stream, i.e. drugs, contaminants, mycotoxins etc., in the hepatocytes and with a long exposure time, may transform themselves into a cancer cell line [5]. Aflatoxins are converted to the reactive 8,9-epoxide form (also known as aflatoxin-2,3 epoxide) which is capable of binding to both DNA and proteins by cytochrome P450 enzymes. . The reactive aflatoxin epoxide binds to the N7 position of guanines. Moreover, aflatoxin B1- DNA adducts can result in GC to TA transversions. A reactive glutathione S-transferase system found in the cytosol and microsomes catalyzes the conjugation of activated aflatoxins with reduced glutathione, leading to the excretion of aflatoxins [5]. The LD50 values for aflatoxin B1 and Ml are <18 and 12-16 mg./kg bodyweight respectively [7,8].



Detoxification Aflatoxins in Foods



Different methods employed for decontamination/ detoxification of aflatoxins include physical, chemical or biological methods. The physical, chemical, and microbiological methods must ensure that the degradation process maintains the nutritive value, will not result in the introduction of new toxic or carcinogenic-mutagenic substances, and the process must also destroys Aspergillus spores and mycelia, preventing the proliferation and production of new toxins under favorable conditions. Aflatoxins have low solubility in water. Washing of wheat seeds in water removed 40% of AFB1.



Physical Methods



Physical processes involve the separation of the contaminated fractions, removal or inactivation of aflatoxins by physical means, such as heat, cooking, roasting, and radiation [9]. Aflatoxins can be separated from the feed by cleaning. Cleaning is a multistep process which removes the dust, husks and products colonized by molds by mechanical sorting and washing. Seperation of discolored seeds/kernels also minimizes the aflatoxin contamination. Aflatoxins have low solubility in water. Hence washing may not remove the aflatoxins from the feeds. However, Hwang & Lee [9] reported 40% aflatoxin reduction in contaminated wheat by washing.




Heating is another method of destroying aflatoxins. AFs have high decomposition temperatures ranging from 237 °C - 306 °C. Various heat treatments such as boiling, roasting, baking and steaming provide a viable mechanism for reducing the AFs concentration in foodstuffs. All processing methods (boiling, roasting, baking and steaming) in maize products (boiled maize, porridge, roti, biscuits, muffins and idli) destroyed AFs to a considerable extent (50-70%) [10].


Ionizing radiation such a gamma radiation had little effect when used directly in detoxifying the aflatoxins. It indirectly decontaminates the aflatoxins by radiolysis of water, which generates free radicals. Microorganisms inactivation depends on the dosage of gamma radiation, at low dosage (0.1 MRad) was reported to stimulate aflatoxin production in bread and other foods, where as gamma radiation at 0.3-0.4 MRad dosage, suppressed mold growth as well as aflatoxin production [11]. Adsorption is another method of aflatoxin reduction. It involves the binding of toxin compound to the adsorbent compound during digestion in gastro intestinal tract. The compound suitable for absorption are active carbon, diatomaceous earth, alumino (clay, bentonite, montmorillonite, sodium and calcium aluminum silicates mainly zeolite, phyllosilicates and hydrated sodium calcium aluminosilicate (HSCAS)), complex carbohydrates (cellulose and polysaccharides) present at cellular wall of yeasts and bacteria (glucomannans, peptidoglycans), and synthetic polymers (cholestyramine, polyvinyl pyrrolidone, and its derivatives) [12]. Kahdeem et al. [13] studied the effectiveness of yeast, activated charcoal and zeolite either alone or in combination as aflatoxin absorbents in broiler diets. They found that the mixture of absorbents were efficient in reducing the signs of aflatoxin toxicity in growing boilers.



Chemical Methods


The effective chemical agents that degrade aflatoxins include



a)	chlorinating agents such as sodium hypochlorite, chlorine dioxide, and gaseous chlorine


b)	Oxidizing agents such as hydrogen peroxide, ozone, and sodium bisulphate and


c)	The hydrolytic agents' acids and alkalis. These chemicals either oxidize the double bond of the terminal furan ring or hydrolyze and oxidize the lactone ring of AFB1.


Other chemicals that are tested for aflatoxin degradation are solutions with 75% methanol, 5% dimethylamine hydrochloride, aldehydes, benzoyl peroxide, osmium tetroxide, iodine, ferrous ammonium sulphate, potassium permanganate, quinones, sodium borate or formaldehyde. But their use in aflatoxin degradation in foods is limited due to the problems associated with their residues [11].


Biological Methods


Many bacteria, yeast and fungi are able to degrade aflatoxins in solutions. Flavobacterium (aurantiacum?) NRRL B-184, that could irreversibly removed aflatoxin B1 from aqueous solution has been reported by Ciegler et al. [14]. The bacteria has completely detoxified the toxin contaminated milk, oil, peanut butter, peanuts and corn, where as it partially detoxified the contaminated soyabean. Lillehoj et al. [15] reported that the bacterium F.aurantiacum successfully removed the aflatoxin M1 from naturally contaminated milk. 9.9μg/ml of aflatoxin was completely removed at a cell concentration of 7.0 x1010cells/ml. At 30 °C after 4hours of incubation. The other microorganisms capable of converting aflatoxin into aflatoxicol and other compounds include Corynebacterium rubrum, Aspergillus niger, Trichoderma viride, Mucor ambiguus, Dactylium denroides, Mucor griseo cyanus, Absidia repens, Helm inthosporium sativum, Mucor alternans, Rhizopus arrhizus, Rhizopus oryzae, Rhizopus stolonifer, and the protozoan Tetrahymena pyriformis [16].



Molds that are producing aflatoxins are also thought to degrade them by mold mycelia through the action of an enzyme peroxidase. Peroxidase catalyzes the decomposition of hydroperoxides, generating free radicals, which react with aflatoxins. Some peroxidises such as myeloperoxidase, produce hypochlorite and singlet oxygen in the presence of hydrogen peroxide and chloride ion. Aflatoxins are effectively destroyed by hypochlorite [16-18].




Conclusion


Aflatoxins produced by molds during the preharvesting and postharvest stage of various foods, cause advesre effects on humans and live stock, sometime leading to death. Screening of feedstock for discoloration, presence of molds, proper processing and storage conditions (temperature, moisture, ventilation etc.) are some of the important steps to curtail the spread of aflatoxins. Optimum conditions are to be standardized in prevent the loss of nutrient values in foodstuffs during decontamination. Utmost care should be taken while using chemical agents, as they leave residues leading to further complications. The foodstuffs are to be properly dried before storage and continuous monitoring of storage conditions will help in preventing aflatoxin contamination in humans and live stock. Various physical, chemical and biological methods are employed to detoxify the aflatoxins. It is necessary to properly maintain suitable conditions and records for storage of feed stock, which enables to trace back the aflatoxin contamination and to take necessary steps to prevent the aflatoxin
contamination.
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