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MICROBIOLOGICAL EVALUATION OF FUNGI MYCOTOXINS FROM FRESH TOMATOES SOLD IN OWERRI MUNICIPAL AND ITS ENVIRONMENT. 

ABSTRACT
Microbiological evaluation of fungi mycotoxins from fresh tomatoes sold in Owerri was investigated, samples of fresh tomatoes was bought, macerated and serially diluted using the 10-fold serial dilution method and cultured on Sabouraud Dextrose Agar using the pour plate method of inoculation and incubated at 28°C for 72hours. The total fungal plate count ranged from 2.5x103 to 1.8x105. The study also reveals that the fungal isolates in the study belong to the Aspergillus spp, Penicillium spp, and Fusarium spp Aspergillus spp had a percentage occurrence of 47 and 23, Penicillium spp had a percentage occurrence of 28 and Fusarium spp had a percentage occurrence of 2. There was contamination with aflatoxins contamination above the permissible limit which can portend significant health risk for human exposure to the toxicants. The high level of aflatoxins contamination of these samples products might have been as a result of poor postharvest handling/storage facilities. Most of the storage and processing structures commonly used by farmers in Nigeria as well as other Africa countries are traditional hence predisposes the cereals to Aspergillus contamination and subsequent aflatoxins production. The results of this present study showed that tomatoes produced microbial growth including fungi which is of public health importance as they have being linked with disease outbreak. These Fungi are capable of producing mycotoxins which are detrimental to health. Unfortunately, daily consumption of these contaminated cereals and their products still remains a reality in Nigeria as well as other African countries. Therefore, the present study warrants that urgent step be taken to raise more awareness on the incidences of mycotoxins contamination of our food crops. Furthermore, there is need for regular examination of food products for aflatoxins contamination.	Comment by hp: ed	Comment by hp: remove italics	Comment by hp: remove italics	Comment by hp: remove italics
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INTRODUCTION
In many parts of the world vegetables has been seen as an important item of diet and tomato is one of the most commonly cultivated and consumed vegetable fruit. Aside the variety which these vegetables add to food menu, they are also known to be valuable source of nutrients. One medium sized tomato provides 40% of the Recommended Daily Allowance (RDA) of vitamin C (ascorbic acid),20% of the RDA of vitamin A, substantial amounts of potassium, dietary fibre, calcium, and lesser amounts of iron, magnesium, thiamine, riboflavin, and niacin, yet contains only about 35 calories (Tigist et al., 2013; Adekalu et al., 2016). Medicinal plant has been defined by World Health Organization (WHO) consultative group as any plant which in one or more of its organs contains substances that can be used for therapeutic purposes or which are precursors for the synthesis of useful drugs Anie et al 2015).	Comment by hp: are	Comment by hp: delete	Comment by hp: items	Comment by hp: fruits	Comment by hp: sources	Comment by hp: space	Comment by hp: italics	Comment by hp: in italics	Comment by hp: in which	Comment by hp: delete	Comment by hp: delete s	Comment by hp: open bracket	Comment by hp: in italics
and dot and comma
Tomatoes rank first as it contributes relatively to human nutrition when compared to 39 major fruits and vegetables in the Africa. Tomato (Solanumlycopersicum)belongs to family Solanaceae which is widely used fresh and as well as in the preparation of different food products (Suri et al., 2017). Tomatoes have a lower shelf life and cannot be stored for longer period of time. To resolve this, tomato is processed into fruit paste, thus extending its shelf life.	Comment by hp: ranks	Comment by hp: in italics
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Fungi are a major cause of reduction in agricultural yields and may contaminate food before, during and after harvest. Damage due to mycotoxins-producing fungi (secondary metabolites) goes beyond damage to fruit and may seriously compromise the quality of processed products, posing risks to food safety. In
tomato fruits, Alternaria sp. is the main pathogen attacking fresh tomatoes (Bryden, 2012; Lee et al., 2015).	Comment by hp: in italics
Mycotoxins are hard to define and to classify. It can be explained to their diverse chemical structures and biosynthetic origins. Their biosynthetic origins are polyketides, amino acid-derived, among other compounds. Mycotoxins occurring in food commodities are secondary metabolites of filamentous fungi, which can contaminate many types of food crops throughout the food chain. Although hundreds of fungal toxins are known, a limited number of toxins are generally considered to play important roles in food safety (Shephard, 2008). Fungal toxins of most concern are produced by species within the genera of Aspergillus, Fusarium, and Penicillium that frequently occur in major food crops in the field and continue to contaminate them during storage, including cereals, peanuts (groundnuts), and various fruits	Comment by hp: reconstruct sentence to make sense	Comment by hp: cite a reference	Comment by hp: all scientific names must be in italics
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TOMATOES
Tomato (Solanumlycopersicum L.) is the second most important fruit or vegetable crop next to potato (Solanumtuberosum L.), with approximately 182.3 million tons of tomato fruits produced on 4.85 million ha each year (FAOSTAT, 2019). Asia accounts for 61.1% of global tomato production, while Europe, America, and Africa produced 13.5%, 13.4%, and 11.8% of the total tomato yield, respectively. Tomato yields are highly variable, ranging from more than 508 tons per ha in the Netherlands to fewer than 1.5 tons per ha in Somalia in 2017 (FAOSTAT,2019), with an average global yield of 376 tons per ha. Tomato consumption is concentrated in China, India, North Africa, the Middle East, the US, and Brazil with tomato consumption per capita, ranging from 61.9 to 198.9 kg per capita (FAOSTAT,2019). Tomato is a member of the Solanaceae family, which includes several other economically important crops such as potato, pepper (Capsicum annuum L.), and eggplant (Solanummelongena L.), representing one of the most valuable plant families for vegetable and fruit crops.
Tomatoes contain many health-promoting compounds and are easily integrated as a nutritious part of a balanced diet (Martí etal.,2016). In addition to consuming the fresh fruits, consumers use tomatoes in processed products such as soups, juices, and sauces (Li et al., 2018b). Over the last decade, consumers have become more aware of foods as a source of health benefits and their roles in prevention of several chronic diseases and dysfunctions (Pem and Jeewon, 2015). Although a wealth of functional foodstuffs have been created to fulfil these requirements, it is important to note that the consumption of "conventional foods” such as fruits and vegetables is more effective for this purpose (Viuda-Martos et al., 2014). The nutritional importance of tomatoes is largely explained by their various health-promoting compounds, including vitamins, carotenoids, and phenolic compounds (Raiola et al., 2014; Liu et al., 2016; Martí et al., 2016; Li et al., 2018b). These bioactive compounds have a wide range of physiological properties, including anti-inflammatory, anti-allergenic, antimicrobial, vasodilatory, anti-thrombotic, cardio-protective, and antioxidant effects (Raiola et al., 2014). Tomatoes are rich in carotenoids, representing the main source of lycopene in the human diet (Viuda-Martos et al., 2014). Carotenoids and polyphenolic compounds contribute to the nutritional value of tomatoes and improve their functional attributes and sensory qualities, including taste, aroma, and texture (Raiola et al., 2014; Martí et al.,2016). Tomatoes also have the naturally occurring antioxidants Vitamins C and E (Martí et al., 2016) as well as large amounts of metabolites, such as sucrose, hexoses, citrate, malate, and ascorbic acid (Li et al., 2018b). Tomato fruit quality and metabolite biosynthesis are affected by plant growing conditions (Diouf et al.,2018). Tomato production is challenged by several problems around the world, including the scarcity of water resources, soil salinization, and other abiotic stresses (Fahad et al., 2017; Gharbi et al., 2017; Zhou et al., 2019). In particular, in countries with a Mediterranean climate, including some regions in southern Europe and North and South America, tomato cultivation is increasingly confronted with limiting conditions such as drought and salinity, which ultimately reduce the competitiveness of tomato farmers in these areas. This, in turn, impacts the integrity of the ecosystem, contributing to the relocation (abandonment) of rural sectors. In addition to its economic and nutritional importance, tomatoes have become the model for the study of fleshy fruit development (Karlova et al., 2014; Kim et al., 2018; Li et al., 2018b). The entire tomato genome has been sequenced, serving as a rich genomic resource, and both genetic and physical maps and molecular markers are available for this species (The Tomato Genome Consortium, 2012; Suresh et al., 2014; Zhao et al., 2019). Moreover, a range of well-characterized monogenic mutants, TILLING populations, wild tomato species, recombinant inbred lines and genome editing tools are available (Pérez-Martín et al., 2017; Li et al., 2018b; Martín-Pizarro and Posé, 2018; Rothan et al., 2019). Several databases contain gene expression analysis data (Suresh et al 2014; Zouine et al., 2017; Shinozaki et al., 2018b), while recent progress in tomato metabolomics has provided substantial information about the primary and specialized metabolism of this species and the pathways involved in molecular biosynthesis and turnover (Luo, 2015; Tieman et al., 2017; Zhu et al., 2018). Dramatic metabolic changes occur during tomato fruit development. Tomato is a climacteric fruit, meaning it undergoes a surge in respiration and ethylene production at the onset of ripening (Li et al., 2019). As ripening progresses, tomato fruits transit from partially photosynthetic to true heterotrophic tissues through the parallel differentiation of chloroplasts into chromoplasts and the dominance of carotenoids and lycopene in the cells of the ripe fruits. The ripening process has evolved to make fruit palatable to the organisms that consume them and disperse their seeds. In doing so, ripening activates pathways that generally influence the levels of pigments, sugars, acids, and aroma-associated volatiles to make the fruit more appealing, while simultaneously promoting tissue softening and degradation to permit easier seed release (Li et al., 2019a)
MICROBIAL CONTAMINATION OF TOMATOES
Microorganisms infect and contaminate edible fresh products like tomatoes and when they do the cause food-borne illness. Foodborne illness may be the cause of fresh produce contamination by pathogenic bacteria, viruses, and protozoa (Alam et al., 2015). This contamination may originate from manure, soil, sewage, surface (
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). water, or wildlife, it may also occur during washing, slicing, soaking, packing, and food preparation (Castro-Rosas et al., 2012). Among the bacteria associated with foodborne illnesses are Listeriamonocytogenes,E.coli,Shigellasoney, Salmonella, and Staphylococcus aureus (Mba-Jonas et al., 2019).
Survival and growth of these microorganisms depend on several factors, including the specific features of the microorganism, fruit ripeness, environmental conditions, plant development, bacterial resistance to the plant metabolic processes, plus harvest, and postharvest processes (Matthews,2014). Particularly, some pathogenic microorganisms can internalize and adhere to the plant surface. Unfortunately, current industrial sanitizing and washing treatments of fruits and vegetables (e.g., triple washing of prepackaged leafy greens) do not guarantee the total elimination of pathogens. There are three types of factors that affect microbiota present in fresh products: physical, chemical, and biological.
Physical factors, such as pH, temperature, and moisture, affect the growth and some metabolic activities of microbiota. Chemical factors include the availability and nutrients in vegetables that may be used by microorganisms. Finally, biological factors include the presence of competitive microbiota and bacterial-plant interactions. Fresh produce may be contaminated at any point in the production chain between farm and table. It has been shown that produce contamination is high during three periods: in the field, during initial processing and in the kitchen (Luna-Guevara et al., 2019).
PRE-HARVEST FACTORS.
Soil and improperly composted animal manure are considered to be the main pre-harvest contamination factors. Soil is a natural reservoir for a large variety of human pathogens, including pathogenic E. coli, due to the addition of animal waste. Microorganisms may survive in the soil from 7 to 25 weeks depending on soil types, humidity level, and temperature. +is bacterium can also survive during crop storage or distribution. According to Launders et al. (2016), the presence of microbes in tomatoes represents a risk because it may cause cross contamination with other foods that are consumed raw. Furthermore, in organic food production, the use of animal manure is a common practice; several reports relate this type of crop system to the presence of fecal contamination, particularly during the leafy vegetable harvest. According to the Centers for Disease Control and Prevention (CDC), several US states were affected by the consumption of organic spinach contaminated with STEC O157. Domestic animals and wildlife also represent a potential source of pathogenic bacteria, particularly for lettuce and leafy greens at preharvest stages along the coast of California and in Yuma. Berger et al. (2010) showed that the feces of wildlife are involved in vegetable contamination and may cause food borne diseases related outbreaks. Jay-Russell et al.(2014)studied a potential reservoir for pathogenic E. coli in feces from coyotes and dogs. Insects could also be a source of plant contamination. Contaminated flies have been shown to transfer E. coli to plant leaves or fruits. Seasons are another important environmental condition that affects the prevalence of E. coli in vegetables. For example, E. coli contamination in cilantro and parsley significantly increased in fall compared to that found in spring and winter (Luna-Guevara et al., 2019). The finding of E. coli in irrigation water has been associated with the presence of feces from cattle and other animals, especially during heavy rainfall. There are current reports on outbreaks caused by the consumption of lettuce irrigated with water contaminated with microorganisms (CDC,2016). However, the risk associated with the use of contaminated water for irrigation depends on the irrigation system used. There is a lower probablity risk of spreading pathogens from contaminated water through drip irrigation versus overhead sprinkler systems. Another study shows that well water used for irrigation may be contaminated with Microorganisms from feces of cattle or other animals, which can be observed especially during heavy rainfall (Luna-Guevara et al., 2019). Also, karst formations occur when acidic water begins to break down bedrock surfaces, allowing surface water to enter fractures in limestone, contaminating the groundwater, which then favors the suvival of E. coli in karst streams for long periods (Heiman et al., 2015). An additional factor during the handling and harvesting of crops are the workers' hands. they can become a vehicle for contamination during preharvest due to the lack of access to latrines or handwashing stations. 
POSTHARVEST CONTAMINATION.
In some cases, the presence of E. coli in vegetables, such as alfalfa sprouts, fresh spinach, and raw clover sprouts, is significantly higher at final postharvest stages compared to early stages of handling. this may be due to subsequent direct contamination or by pathogen multiplication during postharvest procedures in raw vegetables, the confirmation of E. coli in postharvest packing steps indicates possible fecal contamination and the potential presence of enteric pathogens of fecal origin. According to Zhang et al. (2018), when Microorganisms was isolated from certain types of fresh vegetables, the prevalence was relatively low, but this microorganism can cause illness in consumer
Water is employed in many steps, such as washing, chill tanks, sprays, and shipping ice during the postharvest process. the washing procedure is required to remove soil and debris from vegetables and some microorganisms. In spite of this, if the water used is contaminated, washing, slicing, soaking, packaging, and preparation may be the original source of E. coli transmission to vegetables, the use of contaminated water in hydrocoolers in which fresh products are stored may generate vegetable contamination. Other sources of potential contamination with E.coli during the preparation of green leafy vegetables (salads) include the water baths or dump tanks used by packers and the lack of cooling during storage. In addition, food contamination may occur if the vegetables are prepared with unclean implements in restaurants or home kitchens (Luna-Guevara et al., 2019). Some outbreaks have been associated with the cutting of vegetables during salad preparation (Luna-Guevara et al., 2019). 
PREHARVEST AND POSTHARVEST PREVENTIVE MEASURESFOR FRESH PRODUCE.
During preharvest, some pathogens may be transferred to the environment by application of inadequately composted animal manure (Berger et al., 2010). Therefore, it is essential to use fertilizers that are properly “stabilized." One way to stabilize them is through the use of composting, in which the organic matter is decomposed by the action of microorganisms for a certain period of time (e.g.,3 or 15 days) at a designated temperature (131°F), followed by a stage of curing under colder conditions. these conditions reduce the levels of pathogenic microorganisms, promote the decomposition of cellulose and lignin, and stabilize their composition. Untreated human sewage should not be used to fertilize vegetables and crops for human consumption, unless it complies with the specifications for the use of biosolids according to regulation (Luna-Guevara et al.,2019). there is a risk of microbial contamination from water associated with irrigation systems due to the relationship between the volume of water retained on the crop's surface, the amount of food consumed, and time harvest. Likewise, there is a recognized need to establish GAPs (Good Agricultural Practices) based on (
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)produce safety standard protocols for the irrigation of fresh produce (Luna-Guevara et al., 2019). During postharvest, wash water can be a transmission vehicle for pathogens, especially when this water is reused. In addition, E. coli can survive for relatively long times in tap water, which can have serious consequences for the health of consumers. this point was revealed in incidents occurring in the water supply system of Walkerton, Canada, which was contaminated with Microorganisms; seven people died, and more than 2,300 people became ill (De Jes'us Alba, 2013). In addition, the risk of reclaimed water may be reduced through treatment and disinfection systems, such as activated charcoal, reverse osmosis, membrane filtration, chlorination, ozonation, and UV irradiation;however, some systems are often expensive, particularly in developing countries.Postharvest treatment of fruit and vegetables is also involved in food contamination; these treatments include handling, storage, transportation,and cleaning. Various studies reveal that food workers were frequently engaged in unsafe food handling, promoting microbial contamination of ready-to-eat foods. This typically occurs because food handlers are asymptomatic carriers of pathogenic microorganisms or have poor personal hygiene. Measures to diminish the risk of contamination by food workers include implementing proper handwashing and improving personal hygiene. the World Health Organization (2018) suggests 5 basic steps to prevent contamination of food by E. coli and other enteropathogens: (1) separating raw and cooked foods, (2) keeping the work area clean, (3) cook (the food thoroughly), (4) keeping food at safe temperatures, and (5) using safe water and raw material. Other actions to decrease food contamination are the use of better disinfectants. Recently, studies examined different and novel disinfectants for produce disinfection, such as chlorine dioxide, ozonized water, and eectrolyzed oxidizing water. However, all these methods have their own limitations, making them unsuitable for an extensive application. For example, ozonized water has been approved as GRAS (generally recognized as safe) by the FDA (Food and Drug Administration) as an effective disinfectant against bacteria, fungi, protozoa, and microbial spores; however, ozone is very unstable and may be toxic, causing eye and respiratory system irritation (Luna-Guevara et al., 2019). Other alternatives are those proposed by Qi et al. (2013), using sodium persulfate activated by ferrous sulfate and sodium hydroxide, which effectively inactivate Microorganisms. According to the Food Safety Modernization Act (FMSA) for fresh products, food handlers should receive education on the appropriate use of sanitizing agents and on the principles of food hygiene and safety. Another important measure is for managers to be well trained in microbiology, so they can properly supervise preparation of the agents. These training measures could contribute to the reduction of foodborne disease outbreaks associated with the consumption of raw vegetables. While the most commonly used sanitizer is chlorine at 100 to 200 ppm, other alternative sanitizers, including ozone, peroxyacetic acid, and chlorine dioxide, are actively being evaluated for efficacy against pathogenic and spoilage microorganisms. Peracetic acid (80 ppm), chlorine (100 and 200 ppm), chlorine dioxide (3 and 5 ppm), and ozone (3 ppm) reduce populations >5 log of Microorganisms inoculated on apples, lettuce, strawberries, and cantaloupe. Sensory panels only detected the use of 80 ppm peracetic acid on chopped lettuce and 200 ppm sodium hypochlorite on whole apples, with the other treatments being acceptable for consumers (Luna-Guevara et al., 2019). The main risk factors of contamination during transportation include following improper production practices, temperature abuse, unsanitary cargo areas, improper loading or unloading procedures, damaged packaging, shipping containers in inadequate condition, poor employee habits, and road conditions (Ackerley et al., 2020). Another approach, the use of Modified Atmosphere Packaging (MAP) of fresh fruits and vegetables results in an extended shelf life. MAP systems generally utilize an internal package atmosphere other than air in a hermetically sealed package of suitable permeability O2,CO2,and N2 are the most commonly employed. The effect of MAP in inhibiting the growth of pathogens is more influenced by the type of vegetables than by the particular gas used. According to the study conducted by Abadias et al. (2012), the population of Microorganisms was higher in fresh-cut carrots (7.0-8.4 log cfu·g-1) at 25℃after 3 days of storage, while in fresh-cut melon, the bacterium reached populations of 8.5 and 8.9 log cfu-g- 1 after 1 day of storage; in modified atmosphere packaging, no growth was observed in the fresh-cut pineapple. As mentioned in the previous section, the food processing industry has been using chemical decontamination (hypochlorite, peroxyacetic acid, organic acid, hydrogen peroxide, trisodium phosphate, and ozone) and physical decontamination (gamma irradiation) of ready-to-eat fresh produce. However, it has been recently reported that the nonthermal method of pulsed ultraviolet (PUV) light is a more effective method for reducing EHEC biofilm on fresh produce and packaging materials. A different strategy is focused on the use of plant commensal microbiota to compete with pathogens for diffusible factors or carbon sources in vegetal leaves and roots (Luna-Guevara et al., 2019). Recent studies are focusing on improving the efficacy of antimicrobial agents by increasing the lethal activity on pathogenic microorganisms such as E. coli, specifically focusing on the toxicity of reactive oxygen species (ROS) such as superoxide, hydrogen peroxide, and hydroxyl radical. these agents usually accumulate after exposing the bacteria to a stressor agent, such as an antimicrobial. According to Hong et al. (2019), the blocking of ROS accumulation by exogenous mitigating agents slowed or inhibited the E. coli post stressor death, and they concluded that the lethal action of the agents depends in part of an amplifying accumulation of ROS that exceeds primary damage repair. Fruits and vegetables like tomatoes may be contaminated at any point in time during the production chain. Sources of contamination can be grouped into two broader groups, namely, preharvest and postharvest sources of contamination (Giil.et al., 2015). With regard to preharvest sources of contamination, studies have shown that the soil in which fruits and vegetables are cultivated may be a source, and also water used for irrigation, water used to apply insecticides and fungicides, faces, dust, improperly composted manure, and finally human interaction with these vegetables at various points during the production period,
Dry season farming and its associated microbial contamination of fresh fruits and vegetables in poor regions of the world need to be researched. The use of irrigation method of farming during the dry season is a major practice In Africa. However, in Sub-Saharan Africa, many vegetable crops are produced In fresh forms using the irrigation method. They mostly use dirty water or wastewater in the watering of the crops. This gives some of the microbe's opportunity to contaminate the plants and subsequently the consumers, Similarly, many farmers use this same water in the application of fungicides and weed fields which can also result in contamination with coliforms (Amoah, 2014). Moreover, the application of poultry manure and other incomplete compost to the crops can also result in contamination with enteric bacteria in faeces. Research has also shown that some pathogens including Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella spp. have been isolated from animal feces including poultry and cattle (S"oderqvist,2017). It has been confirmed a few years ago that E. coli Os: can be transmitted to lettuce through the soil and irrigation water and can persist throughout the life cycle of the plant and can further be transmitted to those who consume the crop. Another research has shown that there is an association between salmonellae, stems, and leaves of tomatoes grown hydroponically in inoculated solutions. This situation could be minimized by understanding the sources and managing them properly using methods like changing conditions, disinfection of contaminated waters before use, etc. not only during farming but also during processing after harvest, known as postharvest.
Postharvest sources of contamination include feces, harvesting equipment, human handling, insects, wild and domestic animals, methods of transportation, processing equipment dust, and rinse water. The use of the pond and river water in washing fresh produce places them at a higher risk of contamination since these waters are most likely to contain some pathogenic microbes (Uyttendaele et al.,2015). These same people handle the vegetables and most of them are already infected with these pathogens serving as fomites and the storage of these products is mostly done in contaminated places.
In the traditional trading of fresh fruits and vegetables, several studies have established that watering, washing, handling, and storage are major sources of numerous contaminations with microbes even though it is difficult to establish a precise link between the contamination of these fruits and vegetables with the outbreak of food-borne illnesses (Amoah, et al., 2018). In Africa, vegetables are mostly washed easily to obtain water sources including rivers and ponds that are near to the production or selling site. Containers used in washing vegetables by farmers as well as fruits and vegetable vendors are not mostly washed after use, and even if washed, the water is used for several cycles allowing for cross-contamination of microbes with the recently washed ones since they are put in the same water as the first cycle. Washing containers should be disinfected before use and after use to ensure the safety and prevention of microbial contamination. Fruits like mangoes are mostly handled with bare hands during harvesting, packaging, and distribution; hence, it has been established that many mangoes in the country are contaminated before they are sold, which, when not properly washed, will result in food-borne illnesses (Boateng, 2016). Bananas are also largely produced worldwide and sold both in the international market mostly by developed countries and locally mostly by underdeveloped nations. While developed countries adhered to many food standards such as the Codex Alimentarius Standards, developing countries do otherwise. For example, there have been issues of strict labelling of food products and categorizations into organic and nonorganic foods in developed countries. However, in underdeveloped nations such as Africa, the sellers usually buy them from the farmers unripe and then ripen them with chemicals and this gives way for microbial invasion resulting in contamination (Mensah and Brummer, 2016). There are several pathogenic microorganisms associated with fresh fruits and vegetables and hence insight into the various kinds and species is very important.
Based on the information available, it is clear that there is not much information on the sources of contamination of our water bodies and their relationship with vegetable farming with its link to an infection. Fecal microbes like E. coli isolated from various vegetables have been established to be a result of fecal contamination. But there is no precise study to elucidate the source of E. coli, whether from open defecation or dislodged toilets. 
EPIDEMIOLOGY OF CONTAMINATION OF TOMATOES
The greater concern for human health geared towards the promotion of a healthier lifestyle by public health promotion movements in both developed and developing countries has triggered a tremendous increase in the consumption of fresh vegetables and fruits. In some developed nations, the production of fresh fruits and vegetables has increased tremendously with an increase in the importation and even with improvements sustaining the eminence of fresh produce in the USA (Wills and Golding, 2016). Following the consumption trend for fresh fruits and vegetables, there has been a tremendous increment of about 25% of weight following person consumption during the years of 1997-1999 compared with that of 1977-1979, and also between 1999 and 2010, changes in prices and total food expenditure drove most food-purchasing patterns in the United States (Okrent and Kumcu, 2016). Nevertheless, the consumption of fresh fruits and vegetables globally has increased tremendously from 2011 to 2018. Hence, according to the Centres for Disease Control and Prevention (CDC), there has been an increase in the rate of contamination of fresh fruits and vegetables in recent years (CDC,2015).
 MYCOTOXINS
Mycotoxins are toxic fungal products that are produced when fungi grow in human and animal foods. A large number of food and beverage items can be contaminated with mycotoxins. Exposure to mycotoxins causes disease in humans and animals. Recent studies using biomarkers of exposure, internal dose, and adverse effects have shown that mycotoxins are underappreciated as a cause of disease. Some mycotoxins cross the placenta and are present in the fetus at birth and others are excreted in milk. Some mycotoxins cause neoplasia (cancer) in humans and animals and others cause kidney and neurological diseases. This chapter reviews the toxicokinetics, metabolism, and effects of mycotoxins in humans and other animals. It also discusses the biomarkers that are used and that have potential to be used in the diagnosis of mycotoxicoses, and that can be used to better understand the provenance of diseases caused by mycotoxins (Coppock and Margitta, 2014). Mycotoxins are low molecular weight natural products produced by molds that are toxic to vertebrates in low concentrations. In most cases, mycotoxins are of    erratic taxonomic distribution, that is, they are made by only a few species within certain fungal genera. Animals are exposed to mycotoxins through ingestion, inhalation, and/or skin contact. The ensuing diseases produced by mycotoxin exposure are called mycotoxicosis. Many mycotoxins are potent in low doses, that is, quite small amounts of the compound can represent significant health effects. Since filamentous fungi are common and opportunistic organisms, mycotoxins are widespread. They are found in foods and feeds across the globe and are of increasing concern as possible contaminants in the indoor environment. A few of them have been implicated as chemical warfare agents (Bennett and Klich, 2009). As with all toxins, the route of exposure (i.e., how the substance enters the animal body), the dose (how much of the substance is present), and the duration (the length of time the mycotoxin is present) interact to affect the severity of the outcome. Mycotoxins are responsible for cancers as well as many different disorders affecting the gastrointestinal, urogenital, vascular, kidney, and nervous systems. Some mycotoxins are immunocompromising, thereby reducing resistance to infectious disease. It is estimated that 25% of the world's crops, including many basic foods, are contaminated by mycotoxin-producing fungi (Bennett and Klich, 2009).
There is an ongoing need to protect the health of humans and susceptible animals by limiting their exposure to mycotoxins. Despite many years of research and the introduction of good practices in the chain of food production, storage, and distribution, mycotoxins continue to be a problem. Many countries regulate mycotoxins levels in foods and feeds because of their public health significance and commercial impact (Bennett and Klich, 2009). (
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MATERIALS AND METHODS
STUDY AREAS
The study area to be used in the research shall be market in Owerri. Owerri is the capital of Imo state in Nigeria, set in the heart of Igbo land. It is the largest city in Imo state. Owerri has a tropical wet climate. Rain falls for most months of the year with a brief dry season. The average temperature is 26.4℃	Comment by hp: was	Comment by hp: which
Owerri has a tropical wet climate according to the Köppen-Geiger system. Rain falls for most months of the year with a brief dry season. The Harmattan affects the city in the early periods of the dry season and it is noticeably less pronounced than in other cities in Nigeria. The average temperature is 26.4 °C.
One major food that is particular to the Owerri people is known as Ofe Owerre (ofe means soup, while Owerri is the capital of Imo state). It is sometimes referred to as the king of soup and in some Igbo communities, beautiful women are sometimes likened to Ofe Owerri. Ingredients for the soup, include snails, ponmo (cow skin),goat meat, okporoko (dried hake fish), dried fish, oporo (smoked prawns),grounded dried crayfish, wraps of ogili (fermented soya beans), fresh pepper, grounded dried pepper, grounded uziza seeds (Ashanti pepper), cocoyam, palm oil, sliced ugu leaves (pumpkin leaves), sliced oha leaves, sliced uziza leaves, stock cubes, achi powder and salt.	Comment by hp: add space	Comment by hp: add space	Comment by hp: cite a reference
 MATERIALS	Comment by hp: not necessary
consider deleting this section
The materials to be used include: petri dishes, sterile glass slides, bent glass rod, forceps, pipette, Conical flasks, beakers, inoculating needles and loops, test tubes, test tube rack, Agar media, Autoclave, Hot air oven, Bijou bottles, Nose mask, hand gloves, test tubes covers, Cotton swab, Aluminium foil, cover slips, Durham tubes spatula and Bunsen burner
 REAGENTS
Distilled water and Lactophenol cotton blue
SOURCE OF SAMPLE COLLECTION
10 different samples of tomatoes bought from different markets in Owerri were used for the research
 MEDIA	Comment by hp: delete this and input it into the media preparation
The culture media used was Sabouraud Dextrose Agar
 MEDIA PREPARATIONS
The solid components of the media was dissolved in a conical flask according to the manufacturer's instruction, the flask was closed with cotton plug and covered with Aluminium foil, placed into an autoclave and sterilized at 121℃ for 15mins.After sterilization, the medium was cooled to 45°C, the cotton plug was removed and the mouth of the flask flamed over a Bunsen burner in other to ensure sterility, and the medium was poured into sterile, petri dishes containing the innoculum (15-20ml into each petri dish) as required for pour plate method of culturing microorganisms. (Ohazuruike et al.,2017)	Comment by hp: add a space	Comment by hp: order	Comment by hp: remove comma before “and”	Comment by hp: delete
move full stop to end of sentence
 STERILIZATION
All glass wares used were sterilized after washing with detergent using hot air oven, the Sabouraud Dextrose Agar was sterilized by Autoclaving at 121°C, 15Psi.Wire loops and needles were sterilized by flaming to red hot using Bunsen burner and all laboratory benches were cleaned before and after work with 75% alcohol. Bunsen burner was lit during the course of the experiments to keep the environment sterile (Cheesbrough, 2006)	Comment by hp: washed with detergent then sterilized	Comment by hp: full stop	Comment by hp: The	Comment by hp: space
 MICROBIOLOGICAL ANALYSIS OF SAMPLES
1g each of the macerated samples was added to 9ml of distilled water and used for serial dilution, which was carried out as follows:	Comment by hp: One gram
Do not start sentence with figure or abbreviation	Comment by hp: merge into one paragraph
4 Test tubes containing 9ml distilled water each was labeled A -D.	Comment by hp: four
Using the sterile distilled water and separate pipettes, serial dilution of the sample each was prepared. 1ml of the homogenized suspension was introduced into 9ml sterile distilled water and homogenized = 10' dilution. 1ml of A was added to 9ml sterile distilled water of B and homogenized=10-2 dilution. 1ml of B was added to 9ml sterile distilled water of C and homogenized = 10-3 dilution. 1ml of C was added to 9ml sterile distilled water of D and homogenized dilution (Ohazuruike et al., 2017).	Comment by hp: each sample	Comment by hp: in words	Comment by hp: to	Comment by hp: in words	Comment by hp: to	Comment by hp: in words	Comment by hp: to	Comment by hp: in words	Comment by hp: to
After the serial dilution, pour plate method of inoculation was used. 0.5ml of the serially diluted sample each was inoculated into a sterile petri dish and 20ml of freshly prepared molten Sabouraud Dextrose Agar containing chloramphenicol a broad-spectrum antibiotic in other to prevent the growth of bacteria contaminants was poured into the petri dish containing the inoculums and both mixtures was swirled on the table for homogenity, after which the media was incubated for 3-5days at 28°C for fungi isolation.	Comment by hp: each sample	Comment by hp: order	Comment by hp: were
After the incubation period, the plates were observed and colonies counted, and the discrete colonies were sub-cultured into a freshly prepared Sabouraud Dextrose agar plate to get a pure culture. The sub-cultured plates were incubated for 3 days, and examined for pure culture. The pure culture growth were used for macroscopic and microscopic identification of fungal isolates	Comment by hp: delete comma	Comment by hp: add s	Comment by hp: cultures	Comment by hp: growths
 CULTIVATION OF FUNGI PURE CULTURES
A pure culture was obtained and maintained by sub-culturing each of the different colonies that emerged on the Sabouraud Dextrose Agar using sterile inoculating needle on a freshly prepared and sterile SDA plate and then incubating at 28"C for 5 days (Gautam and Bhadauria, 2012)

 IDENTIFICATION OF FUNGI ISOLATES
The fungal isolates were identified using cultural and morphological features such as colony growth pattern, conidial morphology and pigmentation for macroscopic examination and wet mount technique using lactophenol cotton blue for microscopic examination of the fungal isolates (Gautam and Bhadauria, 2012)
 MYCOTOXINS EVALUATION
Mycotoxins extraction
The extraction procedure for mycotoxins was adapted from Motta and Soares (2001). Briefly, 50g was homogenized with 150 mL of HPLC grade methanol (J.T.Baker, Pennsylvania, USA) and filtered through quantitative filter paper (Nalgon, Sao Paulo, Brazil). An aliquot of 200 mL of filtrate was collected in a beaker and 60 mL of ammonium sulfate solution (Scharlau, Barcelona, Spain) at 10% were added. The mixture was filtered through filter paper, transferred to a separatory funnel, and 50 mL of Milli-Q ultrapure water at 8°C, followed by two extractions with 40 mL of chloroform (Sigma-Aldrich, Missouri, USA) was added. Chloroform was collected in a separatory funnel and washed with 30 mL of Milli-Q ultrapure water, at 5°C. Solvent were evaporated under vacuum at 35°C in a rotary evaporator (Quimis, São Paulo, Brazil), and the residue dissolved in 2 mL of methanol and filtered through anhydrous sodium sulphate (Sigma-Aldrich, Missouri, USA)(Santos et al., 2016).	Comment by hp: of ?	Comment by hp: delete comma	Comment by hp: solvents	Comment by hp: in italics
Standard solution preparation
AOH and AME were obtained from Sigma in crystallized form. A stock solution of 1,000 mg/L were prepared in methanol and kept at -20°C and a working solution (10 μg/mL) was also prepared in methanol. Calibration standards were prepared by dilution of the working solutions (Santos etal.,2016).	Comment by hp: full names at first mention and beginning of sentence	Comment by hp: in full at first mention	Comment by hp: in italics
space
space
Mycotoxins analyses
Analysis shall be performed with a High-Performance Liquid Chromatograph coupled to a detector with a photodiode arrangement (DAD, Shimadzu, SPD-M10A DAD, Germany) and C18 reverse phase column; 10 μm average particle diameter, 3.9 mm internal diameter and 300 mm length (Waters, Ireland) with isocratic elution, using 80% HPLC grade methanol and 20% Milli Q ultrapure water as a mobile phase containing 300 mg of ZnSO4.7 H2O/Lat a flow rate of 0.7ml/min. Detection was carried out in a wavelength of 250 nm. Volume injected was 20 μL and 30°C was the column temperature. The individual standard solutions were prepared at concentrations ranging from 200 to 500 mg/ mL in pure methanol. Stock solutions were stored at 20°C in the dark. For HPLC calibration, mixtures of working solutions were prepared (n=7) for the construction of calibration curves by serial dilution of the standard solution with methanol. Mycotoxins was quantified on a working range from 0.03 to 133 μg/mL for AME and 0.096 to 500 μg/mL for AOH by injection through seven points of the calibration curve (r=0.999) (Santos et al.,2016). 	Comment by hp: was	Comment by hp: space	Comment by hp: were	Comment by hp: in italics
RESULTS	Comment by hp: Provide the names of mycotoxins isolated from the HPLC analysis and give concentrations of each, compared to acceptable standards
 FUNGAL LOAD OF PASTA SAMPLES
The result from table 1 shows the microbial load of the various tomatoes samples. The various samples were represented with alphabets A, B, C, D, E, F, G and H. The tomatoes samples were labeled A-H. The total fungal plate count ranged from 2.5x103 to 1.8x105. The study also reveals that the fungal isolates in the study belong to the Aspergillus spp, Penicillium spp, and Fusarium spp.	Comment by hp: delete	Comment by hp: delete	Comment by hp: remove italics	Comment by hp: remove italics	Comment by hp: remove italics
Table 1. FUNGAL LOADS OF SAMPLES
SAMPLES                                                          TOTAL FUNGI PLATE COUNT (CFU/G)
	A
	
No Growth	Comment by hp: align properly

	B 
	

	C
	

	D
	

	E
	

	F
	

	G
	

	H
	


 (
3
) COLONIAL AND MICROSCOPIC MORPHOLOGY OFISOLATED FUNGI SPECIES	Comment by hp: give table number if different from the above or change table name to capture this factor

	Colonial morphology
Initially white colored
fungi which later turned
greenish, white mycelia
	Microscopic morphology
	Probable organism

	
	Conidiospores bearing conidia
with brush like spores
	Penicillium spp.	Comment by hp: in italics

	at the margin and pale
yellow reverse color
Black sporing mat, with
yellow terminals, un-
elevated, milkfish reverse
view
	The vesicle of the conidiospores is
large and globose, bearing two
series of sterigmata Ove its entire
surface. The conidia are brown to
black and rough walled.
Sickle shaped microconidia
	

	White fluffy fungi, raised,
medium sized and white
reverse view
	
	s Aspergillus spp.	Comment by hp: in italics
Fusarium spp	Comment by hp: in italics

	Brown mat, white
	The vesicle of the conidiospores is
	Aspergillus spp.	Comment by hp: in italics

	terminal, initial milkfish
	large and globase, bearing two
series of sterigmata over its entire
	

	reverse view which later
turned brown
	surface. The conidia are brown to
black and rough walled.
	


    Table 2. PERCENTAGE OCCURENCE OF FUNGAL ISOLATES
	FUNGAL ISOLATES
	Tomatoes
N(%)

	Fusarium spp.
	2(5)

	Penicillium spp.
	8(19)

	Aspergillus spp.
	23(53)

	Aspergillus spp.	Comment by hp: all scientific names in italics
	10(23)

	Total

	43(100)


	SAMPLES	Comment by hp: Give table number and heading
	Concentration of Aflatoxins (μg/kg)

	A
	


	B
	4.3

	C
	4.6

	D
	5.0

	E
	5.3

	F
	11.3

	G
	12.4

	H
	14.2

		Comment by hp: This Table should include aflatoxin names
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:
                                                          
 Concentration of Aflatoxins
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DISCUSSION
From the research carried out, the total fungal plate count ranged from from 2.5x105 to 1.8x107. The study also reveals that the fungal isolates in the study belong to the Aspergillus spp, Penicillium spp, and Fusarium spp. Aspergillus spp had a percentage occurrence of 47 and 23, Penicillium spp had a percentage occurrence of 28 and Fusarium spp had a percentage occurrence of 2. Antifungal susceptibility testing using antifungal disc showed that all the fungal isolates were resistant to itraconazole, the other isolates were all susceptible to the other antifungal agents except Aspergillus spp which were resistant to the antifungal agent fluconazole	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: Provide the methodology and results for antifungal activity	Comment by hp: Remove italics
This research work exposed array of fungi which are pathogenic to man and animals. The identified fungal organisms associated with tomatoes paste in the study include Aspergillus spp, Mucor spp and Penicillium spp suggesting that these fungal organisms could be responsible for the fruit spoilage in the field. This finding is in conformity with previous works which reported isolation of A. niger, F. avenaceum, R. stolonifer and yeast from tomato fruits in Nigeria (Joceyln et al., 2012).	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: Remove italics	Comment by hp: in italics	Comment by hp: in italics
The examined tomato pastes were contaminated. This could be explained by the fact that microorganisms form part of the epiphytic flora of fruits and vegetables and find their ways to the final products. The microorganisms present in the samples are a direct reflection of the environment through which the product has passed. The extent of microbial contamination depends on the sanitary quality of the cultivation water, harvesting, transportation, storage, and processing of the produce. The microorganisms reported for this work corroborate the findings of other studies on fruits and vegetables (Bucker et al., 2010; Eni et al., 2010; Joceyln et al., 2012).	Comment by hp: delete	Comment by hp: delete
Hazard Analysis and Critical Control Point-Total Quality Management (HACCP-TQM) Technical Guidelines rates microbial quality for raw foods containing aerobic plate count of <104 cfu/g as“Good”,4-5x106[image: ]“Poor”and >5x107 cfu/g“Spoilt”(Aycicek et al., 2019).	Comment by hp: in italics
The fungal isolates of tomato in this study were Aspergillus spp; Penicillium spp, Mucor spp are common environmental contaminants, they have been reported by other researchers (Badosa et al., 2018). They are known to be the major cause of spoilage of fruits and vegetables. Some of these fungi have been reported to produce mycotoxins and are implicated in cases of mycoses (Badosa et al., 2018). There was contamination with aflatoxins contamination above the permissible limit which can portend significant health risk for human exposure to the toxicants (European Commission, 2006a; EFSA, 2013). The high level of aflatoxins contamination of these samples products might have been as a result of poor postharvest handling/storage facilities. Most of the storage and processing structures commonly used by farmers in Nigeria as well as other Africa countries are traditional hence predisposes the to Aspergillus contamination and subsequent aflatoxins production (Atanda et al., 2011). Environmental factors such as temperature and high relative humidity might have also played a significant role in increasing the levels of aflatoxins contaminations of these samples. Temperature above 20°℃ has been reported to enhance the growth of Aspergillus while aflatoxins production is optimum at the temperature between 25 and 37°℃ (Smith et al., 2016; Strosnider et al., 2006). These temperatures are the ambient temperature in Nigeria and might have high relative humidity to be responsible for the rapid growth and multiplication of the toxigenic molds.	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: s	Comment by hp: delete	Comment by hp: reconstruct 	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: s
Local processors in Nigeria as well as other Africa countries are traditional hence predisposes the samples to Aspergillus contamination and subsequent aflatoxins production (Atanda et al., 2011). Environmental factors such as temperature and high relative humidity might have also played a significant role in increasing the levels of aflatoxins contaminations. Temperature above 20°C has been reported to enhance the growth of Aspergillus while aflatoxins production is optimum at the temperature between 25 and 37℃ (Smith et al., 2016; Strosnider et al., 2006).These temperatures are the ambient temperature in Nigeria and might have high relative humidity to be responsible for the rapid growth and multiplication of the toxigenic molds.	Comment by hp: n	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: in italics	Comment by hp: space	Comment by hp: s
 CONCLUSION AND RECOMMENDATION
The results of this present study showed that tomatoes produced microbial growth including fungi which is of public health importance as they have being linked with disease outbreak. These Fungi are capable of producing mycotoxins which are detrimental to health. Unfortunately, daily consumption of these contaminated cereals and their products still remains a reality in Nigeria as well as other African countries. Therefore, the present study warrants that urgent step be taken to raise more awareness on the incidences of mycotoxins contamination of our food crops. Furthermore, there is need for regular examination of food products for aflatoxins contamination. It is therefore imperative that aflatoxins surveillance research findings such as the one presented in this study should form the basis for taking different prevention approach especially in the formulation/vigorous implementation of already existing national food policy that will help to reduce, if not eradicate, aflatoxins contamination of Nigeria agricultural produce. Critical among the strategies to be adopted should be a public campaign on the impact of aflatoxins on our health and the best control strategies to be adopted by all relevant stakeholders in the Nigerian agricultural sector.	Comment by hp: s	Comment by hp: delete	Comment by hp: es
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