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			Abstract

			Mycotoxicosis are acute diseases caused by mycotoxins, which are secondary metabolites produced by certain filamentous fungi (e.g., Aspergillus flavus, A. parasiticus, Fusarium spp. etc.) belonging to the phylum Ascomycota [1-3]. Depending on the type of toxin, and its quantity, as well as the age, sex, length of exposure and the immune status of the exposed person, mycotoxicosis can be carcinogenic, mutagenic, neurotoxic, hemorrhagic etc. [4-6]. Furthermore, the severity of the mycotoxicosis can be compounded by factors such as malnutrition, other infectious diseases, and alcohol abuse [7]. 
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			Introduction

			Consumption of mycotoxin contaminated food is the major source of human exposure to mycotoxins, and there are almost no treatments for mycotoxicosis [7]. Cereals grains (e.g., corn, wheat, sorghum), oilseeds (e.g., peanut, sunflower etc.), spices (black pepper, turmeric etc.), fruits (peach, grapes etc.), beans (e.g., coffee), nuts (e.g., walnut, pistachio, almond etc.,) can be contaminated with various mycotoxins [8]. Additionally, milk (human, cow, sheep etc.), cheese, butter can also be a source of mycotoxin‐contamination due to consumption of mycotoxin contaminated animal food products [9]. The clinically important mycotoxins that cause severe health implications in humans are aflatoxin, fumonisin, vomitoxin (deoxynivalenol), ochratoxin A, patulin, T-2 Toxin, and zearalenone (Table 1). The human health effects or disorders due to consumption of mycotoxin contaminated foods includes diarrhea, reproductive disorder, cancer, growth impairment and immunomodulation [4].

			Worldwide, nearly 25% of the world’s crop every year is contaminated with mycotoxins causing huge economic, nutritional and health crisis in humans as well as in the livestock industry [3]. There are ~400 defined mycotoxins [7,8]. Almost all mycotoxins can cause one or more health problems in humans and animals, in addition to suppressing the immune system in humans [6]. Mycotoxins are colorless, odorless, and hence cannot be detected by visual inspection such as smell or taste. In addition to ingestion, occupational exposure to mycotoxins has also been the subject of several health hazard studies [10,11]. Air samples collected in grain elevator and feed manufacturing environment showed high levels of aflatoxins and vomitoxins indicating occupational exposure risk to workers [4]. Fundamental studies on the synthesis of mycotoxins in filed, grain storage and its effect in animal models is well documented in scientific literature [7,12,13]. Nearly 16,821 papers on mycotoxins were recorded from mid-1960s to 2018 in Scopus [5]. However, due to inconsistency in mycotoxins susceptibility in test animals, and other pre-existing medical conditions it has been difficult to extrapolate the clinical side effects of mycotoxins to humans. Studies on effect of mycotoxins on nutrient absorption is limited. The impairment of child growth due to mycotoxins exposure remains to be elucidated. Furthermore, the clinical side effects of ochratoxin A and zearalenone and trichothecenes exposure need to be defined scientifically. Inability to accurately quantify the mycotoxin exposure at the individual level is another limitation. Recently, the use of biomarkers has greatly assisted the epidemiological studies in relation to various human health disorders such as cancer, child growth impairment, and immune effects [14,15]. 

			Table 1: Major mycotoxins, predominant fungal source, target food, and associated health effects in human.

			
				
					
					
					
					
					
				
				
					
							
							Mycotoxin

						
							
							Predominant Fungal Source

						
							
							Target Food Items

						
							
							Associated Health Effects in Human

						
							
							Classification as per the IARC*

						
					

					
							
							Aflatoxins (B1, B2, G1, G2)

						
							
							Aspergillus. flavus,
A. parasiticus

						
							
							Corn, peanut, oilseeds, tree nuts

						
							
							Carcinogenic, hepatotoxic and immunosuppressive

						
							
							Group 1B

						
					

					
							
							Vomitoxin/ deoxynivalenol

						
							
							Fusarium graminearum,
F. culmorum

						
							
							Wheat, corn, barley

						
							
							Vomiting, nausea, diarrhea, toxicosis, and reproductive disorder

						
							
							Group 3

						
					

					
							
							Fumonisins

						
							
							F. verticillioides,
F. moniliforme,
F. proliferatum

						
							
							Corn, rice, sorghum

						
							
							Nephrotoxic, carcinogenic, immunosuppressive

						
							
							Group 2B

						
					

					
							
							Ochratoxin A

						
							
							A. carbonarius, 
A. niger, 
Penicillium verrucosum

						
							
							Wheat, corn, barley, coffee, oats

						
							
							Genotoxic, carcinogenic, immunosuppressive

						
							
							Group 2B

						
					

					
							
							Zearalenone

						
							
							F. graminearum, 
F. culmorum

						
							
							Corn, sorghum, wheat

						
							
							Carcinogenic, reproductive disorder

						
							
							Group 3

						
					

					
							
							Patulin

						
							
							P. expansum, 
Byssochlamys

						
							
							Cereals, apple, olives, grapes, peach

						
							
							Neurologic and gastrointestinal disorders

						
							
							Group 3

						
					

				
			

			IARC: International Association on Research for Cancer.

			Group 1: Carcinogenic to humans, Group 2A: Probably carcinogenic to humans, Group 2B: Possibly carcinogenic to humans, and Group 3: Not classifiable as to its carcinogenicity to humans (IARC 2012).

			Source: Channaiah [2], Channaiah & Maier [8]; Durate et al. [17]; Ostry et al. [19]; IARC [18]; Omotayo et al. [6].

			Conclusion

			By 2050 the world’s population is expected to reach 9.1 billion, with an estimated 2.3 billion increase in the developing countries [16]. The impact of mycotoxins on human health can be severe in the developing countries because of a combination of social, agriculture, economic and political scenarios. The mycotoxin contaminated foods have the potential to alter the nutrient absorption, gut microbiota, and immune stimulatory compounds such as lipopolysaccharides (LPS). Additionally, the side effect of mycotoxins on LPS has been linked to hypercholesterolemia, which is one of the major human health concerns of the 21st century [17-19]. The measurement of plasma LPS and the related clinical disorders due to mycotoxin contaminated food may further assist the severity of mycotoxicosis in the developing world. The future epidemiological research should focus on the quantitative measurement of mycotoxin contaminated food, its impact on LPS and related clinical disorders in patients in order to establish adequate public health measures.
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