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Abstract 

Foodborne diseases are the cause of many illnesses that occur from foods that contain 

mycotoxins. Mycotoxins are produced from fungi and are environmental and 

carcinogenic agents that contaminate agricultural foods during preharvest and postharvest 

conditions. While researchers have conducted many studies on mycotoxin occurrence and 

production, there is a significant gap in the current literature regarding which 

environmental factors could put farmers’ ability to remain in compliance with the Food 

Safety Modernization Act’s Produce Safety Rule at risk. Therefore, the purpose of this 

quantitative study was to investigate which environmental factors could put farmers’ 

ability to remain in compliance with the Food Safety Modernization Act’s Produce Safety 

Rule at risk. The theoretical approach was the organizational economics theory with an 

emphasis on transaction cost economics. Secondary data consisted of 813 fumonisin 

toxin level survey from the Illinois Department of Agriculture and 4,020 temperature data 

from the National Oceanic and Atmospheric Administration collected between 2013 and 

2018 were used in the analysis. Pearson correlations showed a significant negative 

relationship between fumonisin and temperature (p < .01). Linear regression analysis 

showed a significant statistical relationship between temperature and fumonisin (p < .05). 

There was also an association between temperature and wind that increase vomitoxin 

levels. The findings of this study showed the need to evaluate the Food Safety 

Modernization Act’s Produce Safety Rule to include compliance in the prevention of 

mycotoxins. The results of the study can influence positive social change that may bolster 

food safety regulations associated with risks of mycotoxin contamination in foods.  
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Chapter 1: Introduction to the Study  

Foodborne diseases are challenging for public health worldwide. The Centers for 

Disease Control and Prevention (CDC) has identified about 250 foodborne diseases that 

are infectious and harmful (CDC, 2017b). Each year, about 48 million people get sick 

from a foodborne illness, 128,000 are hospitalized, and about 3,000 deaths occur annually 

from eating contaminated foods (CDC, 2017a). Researchers have estimated the annual 

burden of foodborne pathogens to cost between 14 billion and 36 billion dollars (Astill et 

al., 2019). Similarly, the United States Department of Agriculture (USDA) estimated that 

foodborne illnesses cost more than 15.6 billion dollars each year (CDC, 2018). The 

global incidence of foodborne diseases is difficult to estimate because many cases of 

foodborne diseases are often not reported or under reported (Agyei-Baffour et al., 2013; 

Rehber, 2012). In the United States, those experiencing a foodborne illness are most often 

young children under the age of four and adults over 50 years of age (Government of 

District of Columbia Department of Health, 2016). Foodborne diseases have serious 

complications for these vulnerable populations, as well as those with a compromised 

immune system (Government of District of Columbia Department of Health, 2016). 

The World Health Organization (WHO, 2018) reported that foodborne diseases 

are caused by bacteria, viruses, parasites, harmful toxins, and chemical contaminants. 

Food contamination refers to foods that are spoiled and tainted because of 

microorganisms, such as bacteria, parasites, or toxic substances, that make foods unfit for 

consumption (Hussain, 2016). These contaminants have several routes through the food 

chain, from the farm to consumption, that are risks for foodborne illnesses (Nychas et al., 
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2016). With increased urbanization and globalization, food commodities may be exposed 

to various microbial, chemical, and physical hazards that can risk the consumption of 

contaminated foods (Nychas et al., 2016). Food safety is a major challenge threatened by 

various contaminants that can originate from environmental factors (Oskarsson, 2012). 

These microbial toxins can enter the food chain either directly or indirectly from 

agricultural commodities.  

Mycotoxins are the number one threat to feed and food regarding chronic toxicity 

(Oskarsson, 2012). Mycotoxins are fungi that cause toxic and carcinogenic outcomes in 

humans and animals (Raiola et al., 2015; Wu et al., 2014). Those that have a significant 

impact on human and animal health are aflatoxins, fumonisins, and tricothecenes, which 

are from the genera Aspergillus, Penicillium, and Fusarium (Kosicki et al., 2016; Wu et 

al., 2014). The contamination of foods by toxins and mycotoxins poses serious 

implications for human health and a significant issue for global trade (Sheikh-Ali et al., 

2014).  

According to the CDC (2017), mycotoxins affect up to 25% of the world’s grain 

supply and all bioterrorism threat agents. Several studies have indicated different types of 

mycotoxins could contaminate many agricultural crops (Bryden, 2011; Milicevic et al., 

2015; Nielsen et al., 2014). Xu et al. (2019) reported mycotoxin infestations cause head 

blight in cereal and ear rot in corn that leads to significant crop damage, lowers quality of 

foods and feeds, and decreases the nutritional content of foods and feedstuff. In the 

United States, mycotoxins pose a heavy economic threat to the corn industry and cost the 

United States about one billion dollars annually (USDA, 2018). Aflatoxins are the most 
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problematic for agriculture in the United States and the most toxic and carcinogenic of 

the known mycotoxins (Mitchell et al., 2016). Fusarium Head Blight (FHB), the most 

devastating fungal disease, has been responsible for significant loss in damage to wheat 

and cereal crops worldwide (Cendoya et al., 2018; Xu et al., 2019). A review of the 

literature resources revealed that extensive research has been conducted on mycotoxin 

occurrence and production.  

However, there was a paucity of research on how to investigate which factors 

could put farmers’ ability to remain in compliance with the Food Safety Modernization 

Act’s (FSMA) Produce Safety Rule at risk of environmental conditions, like temperature, 

wind speed and precipitation, in managing mycotoxins for regulatory oversight in the 

state of Illinois between 2013 and 2018. This study may lead to positive social change by 

enhancing regulatory policies that safeguard human health through enforcement and 

compliance of food safety management practices for mycotoxins. 

The enactment of the FSMA gave the Food and Drug Administration (FDA) 

authority to regulate the growing, harvesting, packing, and holding of fresh fruits and 

vegetables, which was a major shift in outbreak response to prevention-based control 

across the food supply. One of the implementing rules of the FSMA is the Produce Safety 

Rule (Produce Rule), intended to reduce foodborne illnesses associated with consumption 

of fresh produce (Adalja & Litchenberg, 2018). 

The FDA was founded in 1862 as part of the Division of Chemistry in the 

Department of Agriculture (USDA). It is now part of the U.S. Department of Health and 

Human Services. In 1906, Congress passed two separate acts that charged one branch of 
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government with inspecting meat and the FDA with ensuring the safety of all other foods. 

As established by the 1906 legislation, the USDA Food Safety and Inspection (FSIS) and 

the FDA regulate the safety of foods in the United States USDA, 2018a). The FSIS is 

responsible for regulating meat, poultry, and egg products (Carneiro & Kaneene, 2017; 

USDA, 2018a). The Federal Grain Inspection Service (FGIS) is an arm of the USDA, 

which was created by Congress in 1976, to manage national grain inspection which was 

initially established in 1916 (USDA, n.d.). The FGIS is responsible for facilitating and 

marketing U.S. grains and related products by establishing standards for quality 

assessments, regulating handling practices, and managing federal, state, and private 

laboratories that provide official inspection and verifying services (USDA, n.d.). Under 

the United States Grain Standards Act (USGSA) and the Agriculture Marketing Act 

(AMA) of 1946, the FGIS (USDA, n.d.). 

• Establishes and maintains official U.S. grain standards for barley, canola, 

corn, flaxseed, oats, rye, sorghum, soybeans, sunflower seed, triticale, wheat, 

mixed grain, rice, and pulses. 

• Inspects and weighs grain and related products for domestic and export trade. 

• Establishes methods and procedures and approves equipment for the official 

inspection and weighing of grain. 

• Supervises the official grain inspection and weighing system. The official 

system is a network of FGIS field offices and state and private grain 

inspection and weighing agencies across the nation that the FGIS authorized 

to provide official inspection and weighing services. 

https://www.ams.usda.gov/publications/Guides_&_Manuals?field_term_program_tid=1731&=Filter
https://www.ams.usda.gov/services/fgis/standardization/approved-equipment
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• Provides international services and outreach programs and protects the 

integrity of the official inspection system and the market at large to ensure 

markets for grain and related products are fair and transparent (USDA, n.d.). 

In this chapter, I covered the background of the study, problem statement, purpose 

of the study, research questions, hypotheses, theoretical framework, nature of the study, 

operational definitions of terms, assumptions, scope and delimitations, limitations, and 

significance of the study.  

Background  

From October 1997 through October 1998, 16 outbreaks of gastrointestinal illness 

associated with eating burritos occurred in Florida, Georgia, Illinois, Indiana, Kansas, 

North Dakota, and Pennsylvania (CDC, 2001). All outbreaks except one occurred in 

schools, and of the approximately 1,700 persons affected, most were children (CDC, 

2001). The data from the 16 outbreaks showed similarities in the symptoms, incubation 

period, and duration of illness. The Georgia and Florida departments of health reported 

children from elementary schools. Testing from burrito samples from some of the U.S. 

outbreaks had acceptable levels of 1 ppm recommended by the FDA (CDC, 2001). 

Outbreaks with similar symptoms and incubation periods have occurred in China 

and India, where illness has been linked to consumption of products made with grains 

contaminated with fungi. These fungi produced heat-stable tricothecene mycotoxins 

called vomitoxin. In China, 35 outbreaks affecting 7,818 persons during 1961 to 1985 

were attributed to consumption of foods made with moldy grains (CDC, 2001). Corn and 

wheat samples collected during the two outbreaks had higher levels of deoxynivalenol 

https://www.ams.usda.gov/services/fgis/international
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(DON). In India in 1987, 97 persons consumed wheat products following heavy rains. 

DON and other tricothecene mycotoxins were detected in the wheat products. 

Aspergillus flavus and Aspergillus parasiticus, common foodborne fungi, produce 

aflatoxin, which colonizes crops in tropical and subtropical regions worldwide. These 

fungi can produce aflatoxin in storage, transportation, and food processing. Aflatoxin B1 

is the most toxic and potent naturally occurring chemical liver carcinogen known to have 

greater risk than other the other aflatoxins (Alim et al., 2018; Kosicki et al., 2016; Ruyck 

et al., 2015; Womack et al., 2013). Acute aflatoxicosis causing gastrointestinal illness and 

deaths results from high aflatoxin doses (Wu & Guclu, 2012). In recent years, hundreds 

of aflatoxicosis cases in Africa have resulted from contamination of maize (Wu & Guclu, 

2012; Mwalwayo & Thole, 2016). Due to high consumption of maize and the 

susceptibility to aflatoxin contamination worldwide, over 100 nations have set regulatory 

limits on allowable levels in human foods and animal feeds (Cheli et al., 2014; Marin et 

al., 2013; Womack et al., 2013; Wu & Guclu, 2012). With food trade throughout the 

world, food safety is a responsibility shared by both developed and developing countries. 

Foodborne diseases negatively impact the economy due to costs associated with 

foodborne outbreaks (King et al., 2017). 

The United States is the largest contributor of corn to agriculture and trade, 

providing more than half the world’s supply of corn (Mitchell et al., 2017). Field corn 

accounts for over 87 million acres of land harvested in the United States and contributes 

about 75 billion dollars to the U.S. economy and 95% of the total U.S. feed and grain 

production (Mitchell et al., 2017). Mycotoxins pose a significant threat to the corn 
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industry, with aflatoxin being the greatest concern. The market losses due to aflatoxin in 

corn are likely to increase within the next decade in the Corn Belt states in the United 

States due to climate change (Mitchell et al., 2017). Agyekum and Jolly (2017) found that 

aflatoxin contamination in food is a significant policy issue for food industries 

worldwide. Currently there is a lack of data on mycotoxin occurrence state by state in the 

United States and the resulting economic impact (Mitchell et al., 2017). 

During the 1990s, the increased numbers and severity of food-poisoning 

outbreaks raised consumer awareness of the need for food safety and protection from 

foodborne diseases (Koutsoumanis & Aspridou, 2016). The evidence suggested to 

regulatory authorities and the food industry that approaches to food safety that rely 

heavily on regulatory inspection and sampling cannot adequately ensure consumers’ 

protection (Koutsoumanis & Aspridou, 2016). The increased threat to food safety led the 

FDA in 2011 to create the FSMA to reform the U.S. food safety system, which shifted 

the focus of regulators from response to prevention of foodborne diseases (National 

Environmental Health Association [NEHA], 2018). The World Trade Organization 

(WTO) suggested risk assessment for the basis of food safety and appropriate levels of 

protection by member countries (Koutsoumanis & Aspridou, 2016). The European 

Commission followed with Regulation (EC) 178/2002 to use a science-based risk 

analysis framework for food safety (Cheli et al., 2014). In 2003, the Codex Alimentarius 

Commission adopted Principles for Food Safety and Risk Analysis to be used in the 

Codex framework (Koutsoumanis & Aspridou, 2016).  
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Governments establish food safety policies to put in place a system of controls 

and cooperative aim that ensures food safety goals are met (Khalid, 2016; Wengle, 2016). 

Food safety should be a shared responsibility of different stakeholders participating in the 

food trade. The idea of food safety control is that operators among the food chain must 

demonstrate to regulatory authorities that their operations follow national standards 

(Khalid, 2016). The increased threat to food safety provoked various institutional 

reforms. The current food safety climate relies heavily on audits, regulatory inspections, 

sampling, and all operators along the food chain.  

Research has shown that mycotoxin contamination is an ongoing global concern, 

because of the unpredictable and unavoidable nature of the contaminant (Alshannaq & 

Yu, 2017). Regulations on mycotoxin contamination in developed countries are more 

stringent to ensure protection, but in developing countries, regulations can be poor or lack 

surveillance. Mycotoxin contamination can occur indirectly or directly (Bezerra da Rocha 

et al, 2014; Cheli et al., 2014; Marín et al., 2013). Indirect contamination can occur when 

foods that were previously contaminated by fungal toxin and eliminated, but the 

mycotoxin remains in the final products. For direct contamination, the food becomes 

infected by a toxigenic fungus and subsequently forms mycotoxins that are detrimental to 

human and animal health (Bezerra da Rocha et al., 2014). The failure to prevent fungal 

growth and toxin production during preharvest and postharvest creates health challenges 

for the consumer and results in economic losses and loss of quality (Lee & Ryu, 2015). 

A review of the FGIS’s Mycotoxin Handbook provided the background 

information on sample preparation to determine mycotoxins (aflatoxin, deoxynivalenol, 
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fumonisin) in grain and processed commodity products, compliance with safety, 

environmental regulations in testing process and certification of results, and the predictor 

variables for environmental conditions for grain storage (USDA, 2015).  

Problem Statement  

Foodborne diseases pose a serious threat to human health (Demaegdt et al., 2016). 

Mycotoxin contamination and other naturally occurring toxins account for many 

foodborne illnesses. Mycotoxins are toxigenic fungi that contaminate many of the most 

consumed foods and feeds worldwide (Peng et al., 2018). The occurrence of mycotoxins 

in humans is a result of skin contact, inhalation, or consumption of contaminated 

agricultural products or metabolite products in foods from animals, such as milk and eggs 

(Capriotti et al., 2012). Mycotoxin contamination is a problem for both developed and 

developing countries (Trucksess & Diaz-Amigo, 2013). There are potential risks of 

mycotoxin contamination in grain foods and human susceptibility to diseases due to 

infestation and occurrence.  

Mycotoxin contamination is a global food safety problem that can cause ill health 

in humans, raise concerns for public health, and threaten food security (Trucksess & 

Diaz-Amigo, 2013). Mycotoxins are potentially carcinogenic and carry the risk of 

causing cancer and other adverse health effects, which could be a further challenge for 

public health (Capriotti et al., 2012). Aflatoxins are the most toxic of all mycotoxins, with 

significant economic burden in the United States and Europe (Womack et al., 2013). The 

level of aflatoxin in the United States’ food supply is generally low, but from 2004 to 

2013 there were 18 reports of food and feed contamination due to aflatoxins (Mitchell et 
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al., 2017). Annual losses in the U.S. corn industry from aflatoxin, range from 52.1 

million dollars to 1.68 billion dollars. Also, mycotoxins are the main hazard attributed to 

EU border rejection for foods and feed, according to the Rapid Alert System for Food and 

Feeds (Alshannaq & Yu, 2017). In Asian and African countries, aflatoxins contribute to 

hundreds of cases of heptacellular carcinoma each year (Alshannaq & Yu, 2017). Given 

that mycotoxin is a toxin in foods and feeds, the food industry and agribusinesses have 

put considerable effort into implementing and improving food safety management 

systems. In the last few years, the Codex Alimentarius hygiene code of practice became a 

worldwide reference (Kussaga et al., 2014). Food sourced and transported all over the 

world, and produced under different codes of practice, creates more possibilities for food 

safety hazards (Kussaga et al., 2014).  

A review of the literature revealed that extensive research has been conducted on 

mycotoxin occurrence and production. However, there is a paucity of research on how to 

investigate which factors could put farmers’ ability to remain in compliance with the 

FSMA’s Produce Safety Rule at risk of environmental conditions, like temperature, wind 

speed, and precipitation, in managing mycotoxins in Illinois between 2013 and 2018. It is 

important to note that food safety issues are widespread and influence consumers’ 

behaviors (Adinolfi et al., 2016). Several types of hazards can contribute to a foodborne 

illness, which means preventative measures may require legislation and harmonization 

(Odeyemi, 2016). This quantitative study may contribute to the broader debate by 

building a higher standard for food safety policies that define rules and controls aimed at 

mycotoxin prevention.  
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Purpose of the Study  

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the FSMA’s Produce Safety Rule at risk of 

environmental conditions, like temperature, wind speed, and precipitation, in managing 

mycotoxins in of Illinois between 2013 and 2018. 

Research Questions and Hypotheses 

In a quantitative study, the research questions and hypotheses are significant for 

making inquiries (Creswell, 2009). The quantitative research questions inquire about the 

relationship among variables, whereas the hypotheses are important for making 

predictions about expected relationships among variables that are not empirically tested 

(Berman & Wang, 2012; Creswell, 2009). In this quantitative research, I was interested in 

investigating what factors could put farmers’ ability to remain in compliance with the 

FSMA’s Produce Safety Rule at risk in managing mycotoxins in Illinois between 2013 

and 2018 for regulatory oversight of the USDA. Therefore, I designed the following 

research questions to examine the statistically significant relationship, if any, between 

measuring compliance at the level of three toxins (aflatoxin, fumonisin, and vomitoxin) 

and environmental conditions (temperature, wind speed, and precipitation) and managing 

mycotoxins in Illinois between 2013 and 2018. 

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

Ha1: There is a relationship between environmental factors and toxin level. 
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RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

Ha2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  

H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

Ha3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

Operational Variables 

Environmental conditions: Independent variables (IVs): Temperature, wind speed, 

and precipitation.  

Toxicity levels: Dependent variables (DVs): Measuring compliance at the level of 

three toxins: aflatoxin, fumonisin, and vomitoxin. 
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Theoretical Foundation 

The theoretical foundation of this quantitative study was the transaction cost 

economics approach (TCE) from Williamson’s (1981) organizational economics theory 

(OET). Williamson argued that, under the TCE, the transaction is the basic unit of 

analysis and held that an understanding of transaction cost economizing is central to the 

study of organizations. In applying this approach, Williamson required that a transaction 

be dimensional and descriptive of alternative governance structures. The approach 

applies to efficient boundaries, as between firms and markets, and to the organization of 

internal transactions, including employee or contractual relations. Williamson’s 

proposition was that the firm is a production of functions to which a profit maximizes 

objection and is less illuminating, as with economics the realization of the neoclassical 

theory of the firm is self-limiting.  

The key points of the TCE to other approaches are (a) microanalytic, (b) self-

conscious about behavioral assumptions, (c) introduces and develops the economic 

importance of asset specificity (d) relies on more comparative institutional analysis, (e) 

regards the business firm as a governance structure rather than a production function, (f) 

places greater weight on the ex post institutions of contract, with special emphasis on 

private ordering (as compared to court ordering), and (g) works out of a combined law, 

economics, and organization perspective (Williamson, 1981).  

The origins of the TCE are grounded in seminal contributions in law, economics, 

and organization from the 1930s. Commons (1934) and Coase (1937) were the leading 

theorists on economic contributions. Llewellyn (1931) added key legal insights, and 
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Barnard (1938) offered an organization theory perspective. Commons argued that the 

transaction was and should be the basic unit of analysis. Adopting a contractual point of 

view, attention was focused on the importance of crafting institutions that serve to 

harmonize trading between parties with otherwise adversarial interests. Coase also 

adopted a microanalytical perspective and insisted that the study of firms and markets 

proceed comparatively, with emphasis on transaction cost economizing. Llewellyn 

argued that the study of contracts should focus less on legal rules than on the purposes to 

be served. More attention to private ordering (efforts by the parties to align their own 

affairs and devise mechanisms to resolve differences with correspondingly less weight 

being assigned to legal centralism (dispute resolution under the legal rules evolved by the 

courts and adopted by the state). Barnard asserted that the powers and limits of internal 

organization should be brought more self-consciously to the front (Williamson, 1981). I 

will cover the TEC in more detail in Chapter 2. 

Nature of the Study 

In this quantitative study, I used secondary data obtained from the Illinois 

Department of Agriculture and the National Oceanic and Atmospheric Administration 

(NOAA). The data included survey reports from 2013 to 2018 and local climatological 

data between 2013 and 2018 in the state of Illinois. I analyzed the data using IBM’s SPSS 

software Version 26 and performed the statistical analysis using linear regression to 

examine the relationship between the dependent variable, compliance with the Produce 

Safety Rule. I measured compliance at the level of three toxins (aflatoxin, fumonisin, and 



15 

 

vomitoxin) and three independent variables (temperature, wind speed, and precipitation). 

The analyses used a significance level of α = 0.5 and a statistical power of 0.95. 

Definitions of Terms 

Aflatoxins: Fungal toxins that commonly contaminate maize and other types of 

crops during production, harvest, processing, or storage (CDC, 2012). 

Code of Federal Regulations: The Code of Federal Regulations (CFR) is a 

codification of the general and permanent rules published in the Federal Register by the 

executive departments and agencies of the Federal Government. Title 21 of the CFR is 

reserved for rules of the Food and Drug Administration (FDA, 2018a). 

Common Foodborne Molds: Microscopic fungi that live on animal and plant 

matter and include Aspergillus, Fusarium, and Penicillium (USDA, 2013). 

Contaminants: Substances that have not been intentionally added to food. 

Control: (a) To manage the conditions of an operation to maintain compliance 

with established criteria. (b) The state where correct procedures are being followed and 

criteria are being met (FDA, 2017a). 

Epidemiologic Triangle Model: The traditional model for infectious disease. The 

triad consists of an external agent, a susceptible host, and an environment that brings the 

host and agent together. In this model, disease results from the interaction between the 

agent and the susceptible host in an environment that supports transmission of the agent 

from a source to that host (CDC, 2012). 

Epidemiology: Is the study of the distribution and determinants of health-related 

states or events (including disease), and the application of this study to the control of 
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diseases and other health problems. Various methods can be used to carry out 

epidemiological investigations. Surveillance and descriptive studies can be used to study 

distribution; analytical studies are used to study determinants (WHO, 2018). 

Food Contaminants: Food contaminants are any harmful substances 

unintentionally added to food, which may be chemicals from natural sources, 

environmental pollution, or food processing (Center for Food Safety, 2018). 

Food Defense: The protection of food products from contamination or 

adulteration intended to cause public health harm or economic disruption (USDA, 2018). 

Foodborne Diseases: Foodborne diseases encompass a wide spectrum of illnesses 

and are a growing public health problem worldwide. They are the result of ingestion of 

foodstuffs contaminated with microorganisms or chemicals. The contamination of food 

may occur at any stage in the process, from food production to consumption (“farm to 

fork”), and can result from environmental contamination, including pollution of water, 

soil, or air (WHO, 2018). 

Foodborne Illness: Foodborne illnesses are usually infectious or toxic in nature 

and caused by bacteria, viruses, parasites, or chemical substances entering the body 

through contaminated food or water (WHO, 2018). 

Food Industry: This includes primary, manufacturing, and processing industries 

as well as establishments involved in the food chain (Motarjemi, 2014). 

Food Law: Food law generally applies to legislation that regulates the production, 

trade, and handling of food and hence covers the regulation of food control, food safety, 

and relevant aspects of food trade. Food law includes minimum quality requirements to 
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ensure the foods produced are unadulterated and are not subjected to any fraudulent 

practices intended to deceive the consumer. In addition, food law covers the total chain, 

beginning with provisions for animal feed, on-farm controls, and early processing 

through to final distribution and use by the consumer (Food and Agriculture Organization 

of the United Nations [FAO], 2018). 

Food Safety: Food safety refers to handling, preparing, and storing food in a way 

designed to best reduce the risk to individuals of becoming sick from foodborne illnesses 

(Australian Institute of Food Safety, 2016). 

Food Security: Food security exists when all people always have physical, social, 

and economic access to sufficient, safe, and nutritious food that meets their dietary needs 

and food preferences for an active and healthy life (FAO, 2018). 

Fumonisins: Naturally occurring toxins produced by several species of Fusarium 

fungi (molds). There are different known types of fumonisin, but fumonisins B1, B2, and 

B3 (also named FB1, FB2, and FB3) are the major forms found in food. Fumonisins were 

first recognized in 1988 (WHO, 2018). 

Fusarium: Fungi that are common to the soil and produce a range of different 

toxins, including trichothecenes such as deoxynivalenol (DON), nivalenol (NIV), and T-2 

and HT-2 toxins, as well as zearalenone (ZEN) and fumonisins (WHO, 2018). 

Fungal Diseases: Diseases often caused by fungi that are common in the 

environment (CDC, 2015). 

Hazard Analysis Critical Control Point HACCP: A management system that 

addresses food safety through the analysis and control of biological, chemical, and 
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physical hazards from raw material production, procurement, and handling to 

manufacturing, distribution, and consumption of the finished product (FDA, 2018). 

Natural Toxins: Toxic compounds that living organisms naturally produce. These 

toxins are not harmful to the organisms themselves, but they may be toxic to other 

creatures, including humans, when eaten (WHO, 2018c). 

Preharvest: Preharvest occurs while a product is in the field, during growth, or 

awaiting harvest (FDA, 2018c). 

Postharvest: Postharvest occurs after harvest, field holding of the harvested crop 

prior to transportation, processing, and storage (FDA, 2018c). 

Public Health: According to the American Public Health Association (APHA, 

2016), public health promotes and protects the health of people and communities from 

diseases. 

Produce Safety Rule: A FDA-implemented rule intended to reduce health risks 

associated with foodborne illness associated with consumption of fresh produce (FDA, 

ctation). 

Surveillance: Surveillance is the regular collection of health information in terms 

of health indicators, the routine analysis of indicators over time, place, and between 

population groups, and the sharing of available scientific knowledge as well as the 

regular dissemination of results (WHO, 2018). 

Assumptions 

The secondary data used in the study were collected by the Illinois Department of 

Agriculture and the NOAA. I assumed that the data obtained from these government 



19 

 

agencies were complete, correct, and accurate. For the statistical test, I used a linear 

regression to test the significance of the relationship, if any, between the dependent 

variable, compliance with the Produce Safety Rule, and the independent variables 

(temperature, wind speed, and precipitation), as discussed in Chapter 3.  

Scope and Delimitations 

Scope of the Study  

The scope of this quantitative study was to examine the statistical relationship, if 

any, between the dependent variable, compliance with the Produce Safety Rule, and the 

independent variables (temperature, wind speed and precipitation in managing 

mycotoxins in Illinois between 2013 and 2018. This study only encompasses mycotoxins 

with significant risk of contamination: aflatoxins, vomitoxin (also known as 

deoxynivalenol (DON)), and fumonisins. 

Delimitations  

The data used in the study were limited to survey reports of the major mycotoxins 

(aflatoxins, fumonisins, and vomitoxin) that are of importance to public health policy, 

including food safety, food security, and economic implications. Also included in the 

study was local climatological data from Illinois. For the purposes of this study, I only 

analyzed the data between 2013 and 2018 on these mycotoxins (aflatoxins, fumonisins, 

and vomitoxin) that are of significant risk to agricultural grain products or risk of 

contamination. The Codex Alimentarius Commission (CAC) was founded in 1963 by the 

Food and Agriculture Organization (FAO) and the WHO to develop guidelines, 

standards, and other documents to protect the health of consumers and ensure fair 
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practices in food trade (Ankul et al., 2013). Reports on data of allowable and toxicity 

levels will be limited to the major mycotoxins in this study. 

Limitations 

The limitation of this study was based on the use of secondary data collected by 

someone else other than me. The data were collected by the Illinois Department of 

Agriculture and the NOAA. Using secondary data introduces a great chance of 

inaccuracies during reporting, collection, or analysis (O’Sullivan et al., 2008). Human 

error can also play a significant role in data collection and dissemination. There may be 

lack of reports on regulatory practices, such as allowable or reduce levels on 

contamination. I took into consideration the lack of health reports, inventory, and 

inspection reports and the unavailability of data. I limited my study to the significance of 

mycotoxins (aflatoxins, fumonisins, and vomitoxin) and temperature, precipitation and 

wind speed. 

Significance of the Study 

Mycotoxins are fungal toxins that contaminate foods and have adverse health 

impacts for consumers worldwide (Antonissen et al., 2014; Ferre, 2016). Researchers 

have identified several mycotoxins that pose significant health risks, such as aflatoxins, 

fumonisins, ochratoxins, zearalenone, and trichothecenes. This study focused on 

aflatoxins, fumonisins, and vomitoxin. Mycotoxins have the potential, even at low 

concentrations, to cause ill health that could lead to foodborne diseases (Bezerra da 

Rocha et al., 2014; Luo et al., 2018). Agricultural contamination can become an 

economic burden for both developed and developing countries (Afsah-Hejri et al., 2013; 
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Patriarca, et al., 2017). Vulnerable populations are most likely to be at risk of food 

insecurity. While developed countries have regulatory procedures in place to protect their 

consumers, poorer countries may lack surveillance or have limited regulatory controls 

(Stoev, 2013; King et al., 2017). Food safety is a major issue for both the developed and 

developing world, and there is a critical need for collaboration and shared responsibility 

to protect consumers from mycotoxin contamination and prevent foodborne illnesses. 

Repeated exposure to mycotoxins can cause foodborne diseases (Rajkovic, 2014). 

In developing countries, mycotoxins enter the human food chain during preharvest and 

postharvest periods because of the dearth of sanitized storage facilities (Mwalwayo & 

Thole, 2016). This research helps to fill the gap in the modalities of management 

practices on mycotoxin enforcement strategies for regulatory oversight and provide a 

broader policy narrative for responsive governance. The study’s potential for positive 

social change includes creating an enabling environment to bolster global food safety and 

security and, therefore, protect public health. 

Summary 

Mycotoxins are environmental contaminants that are of global importance to 

human and animal health. They have been a growing concern for over 30 years (Moy et 

al., 2014). Mycotoxin contaminations in foods can threaten security, safety, and the 

economy. Consumption of foods that contain foodborne mycotoxins can have long-term 

health consequences, including severe liver damage and immune deficiency (WHO, 

2018a). The effects of mycotoxins depend largely on exposure, ingestion, and toxic 

synergies that may complicate issues if various mycotoxins were ingested 
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simultaneously. These are known carcinogenic agents produced from fungi that threaten 

food security and cause adverse health effects to humans and animals. The occurrence 

and distribution of mycotoxins in foods are important to understand to determine the 

level of exposure to humans and explain the causes of some chronic diseases. Mycotoxins 

have a variety of adverse health effects and have been implicated in causing diseases in 

humans (Alberts et al., 2017). Even when inhaled or ingested in small amounts, 

mycotoxins are toxic and pose significant risks to public health. The toxins that are a real 

threat to food safety are from the genera aspergillus, penicillium and fusarium 

(Abrunhosa et al., 2016). Grain foods are especially susceptible to mycotoxin infestation, 

which can enter human food chains directly and indirectly. There are over 400 known 

mycotoxins, but those that are important to food safety and the health of humans are 

aflatoxins, fumonisins, and tricothecenes (Abrunhosa et al., 2016). 

This chapter included the introduction, background, problem statement, purpose 

of the study, research questions and hypotheses, theoretical framework for the study, 

nature of the study, definitions, assumptions, scope and delimitations, limitations, and 

significance of the study. Chapter 2 details the literature search strategy, theoretical 

foundation, and the literature review relevant to the study. Chapter 3 describes the 

research design and rationale, methodology, population, sampling and sampling 

procedures, data collection and analysis, and ethical considerations. In Chapter 4, I 

described the results of the study. Lastly, in Chapter 5, I draw conclusions, make 

recommendations for future research, and describes the implications for positive social 

change.  
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Chapter 2: Literature Review 

Introduction 

In this chapter, I present the literature review on regulatory regimes of food safety 

policies on mycotoxin occurrence in foods and feeds, compliance with the Produce 

Safety Rule on mycotoxins, and the implications for food safety of managing hazards that 

contribute to microbiological food outbreaks caused by mycotoxins. I also reviewed past 

studies within the last decade that are relevant to current food safety policies within the 

United States and around the world. After reviewing the studies, I selected the most 

pertinent available information about the relationship between the variables in this study. 

The theoretical framework used in the study is the TCE approach.  

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed, and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018. Mycotoxins are the number one threat to 

feed and food contaminants regarding chronic toxicity (Oskarsson, 2012). Mycotoxins 

are chemical substances produced by molds and are natural contaminants found in 

agricultural products and feeds, which causes problems for food safety, food security, and 

trade worldwide (Mwalwayo & Thole, 2016; Peng et al., 2018). Mycotoxins are produced 

from filamentous fungi and are naturally occurring and practically unavoidable. These 

microbial toxins can enter the food chain either directly or indirectly from agricultural 

commodities (Omotayo et al., 2019). The presence of mycotoxins in foods is a global 

concern and a considerable threat to the agricultural industry. Mycotoxicosis, the disease 



24 

 

caused by exposure to mycotoxins, is potentially lethal and can affect different organs of 

the human body. In addition to posing a health hazard, the occurrence of mycotoxins in 

foods is a major economic issue and costs the United States approximately 932 million 

dollars annually and 46 million dollars in regulatory enforcement and other control 

measures (Winter & Pereg, 2019). 

Literature Search Strategy 

For this literature search, I reviewed the following organizations’ websites: the 

USDA, the FGIS, the Federal Grain Inspection Packers and Stockyards, the FDA, the 

CDC, the Department of Health and Human Services, the Canadian Food Safety Agency, 

the European Food Safety Agency (EFSA), the District of Columbia (DC) Department of 

Health Food Safety and Hygiene Inspection Services, the General Accounting Office 

(GAO), the NOAA, the World Bank, the WHO, and the FAO. I examined several peer-

reviewed articles, academic journals, books, surveys, and periodicals that are relevant to 

this research.  

To find sources for this literature review, I searched several databases: Science 

Direct, Academic Search Complete, Agricola, ProQuest Dissertations and Theses, 

AGRIS, Agricultural and Environmental Science, Google Scholar, PubMed.gov, 

MEDLINE, AgNIC, and Public Administration. I also accessed literature from several 

libraries, including the University of Maryland at College Park, the Nova Southeastern 

University, the Library of Congress, the USDA National Agricultural Library, 

Montgomery College, and Walden University. I conducted additional searches based 

upon articles’ citations, which yielded further sources.  
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The key search words included food safety, food safety regulations, food safety 

management, food hazards, food contaminants, mycotoxins, mycotoxin occurrence in 

grains, mycotoxins and food safety, mycotoxins and regulatory practices, mycotoxins and 

food security, mycotoxin contamination, mycotoxins in the United States, foodborne 

illness, foodborne diseases, Produce Safety Rule, enforcement and food safety, 

compliance and regulatory policy, HACCP and food policy, organization economics 

theory, transaction cost economics approach, agricultural economics, regulatory system 

of food safety management, mycotoxins and trade, and mycotoxins and economics. 

Theoretical Framework 

The industrialization of food production in the 20th century has dramatically 

changed perceptions and behaviors related to food. The revolution of the food industry 

resulted in significant benefits to consumers, a growing human population, and unwanted 

foodborne risks (National Research Council, 2010). As markets become more global and 

complex, so does the economic practice and experience that governments need to 

regulate (Wengle, 2016). The food processing sector is a regulatory sphere in which 

economic practice is extremely diverse and dynamic, while also subjected to public 

sector regulation (Wengle, 2016). To analyze the relationship between managing food 

safety in the food supply chain and transaction costs, it is important to understand the 

concept of institutional structures that are central to governance (Bavorová et al., 2014; 

Cheli et al., 2014;). The term governance derives from the Latin word gubernare, which 

means to steer and linked to the concept of institutions (Von Braun & Birner, 2017).   
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For this quantitative study, the TCE theory (Williamson, 1981) helped to explain 

collaboration of organizational structures that foster and promote awareness to strengthen 

food safety policies on mycotoxins. The TCE approach (Williamson, 1981) explains the 

emergence of organizations and the levels in which costs exist with uncertainties, 

asymmetric information, bounded rationalities, and barriers. The approach involves the 

structure of organizations in relation to transaction costs, agency theory, property rights, 

and the economics of the organization (Shafritz et al., 2016). Williamson (1981) argued 

that the TCE approach regarded the transaction cost as the basic unit of analysis and held 

an understanding of the transaction cost of economizing that is central to the study of 

organizations. The OET focuses on three aspects of the economic way of thinking: 

equilibrium analysis, transaction costs, and the concept of the organization. Equilibrium 

analysis focuses on the behavioral relationships between organizations. The transaction 

unit of analysis addresses the levels of exchange among organizations, groups, and 

environments. 

Commons (1934) advanced the proposition that the transaction is the basic unit of 

economic analysis in recognizing governance structures as means to mediate the 

exchange of goods and services between technologically separable entities. Assessing the 

capacities of different structures to harmonize relations between parties, Cook and Barry 

(2004) argued that Williamson’s TCE approach holds that (a) organizational economics 

presupposes that institution matter; (b) susceptible to analysis; (c) differs and not hostile; 

and (d) is an interdisciplinary combination of law, economics, and organization in which 

economics is first among equals. Barney posited that organization is bound by two 
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commonalities that include the role in organizational structures and functions and the 

relationship between competition and organizations (Cook & Barry, 2004).  

Shafritz et al. (2016) argued that the TCE approach (Williamson, 1981) is a 

management theory that is concerned with organizational structures central to 

governance. It is therefore used to analyze the relationship between food safety 

management practices and governance mechanisms within the agri-food supply chain 

(Abebe et al., 2017). As proposed by Commons (1934), the OET incorporated a 

transaction cost approach as one of its antecedents, which explained the emergence of 

organizations and the levels in which costs exist with uncertainties, asymmetric 

information, bounded rationalities, and barriers (Shafritz et al., 2016).  

The OET describes the exchange of goods and services as structured by 

governance in harmonization or sequentially changing events due to its economics. The 

OET provides a foundation for us to understand the challenges to food safety that are 

emerging daily. To manage food safety, it is important to identify which foods or 

pathogens can lead to foodborne illnesses that impact human health. The OET structure 

of organization concerns transaction cost economics, agency theory, and property rights 

theory (Cook & Barry, 2004; Shafritz et al., 2016).  

The TCE approach to the OET proposed by Commons (1934) (Shafritz et al., 

2016) differs from the neoclassical theories of the firm (Cook & Barry, 2004). The OET 

theorists argued that there are behavioral assumptions in the emergence of organizations 

and the levels in which costs exist with uncertainties, asymmetric information, bounded 

rationalities, and barriers (Shafritz et al., 2016). The transaction unit of analysis addresses 
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the levels of exchange among organizations, groups, and environments. The OET 

describes the exchange of goods and services structured by governance in harmonization 

or sequentially changing events due to its economics and for us to understand the 

challenges of property rights, which are costly to enforce. The emphasis is placed on 

economizing rather than refinement and to provide reasonable alternatives (Cook & 

Barry, 2004). The TCE presents the argument that economizing on transaction costs is 

mainly responsible for the choice of one form of organization over the other.  

Governance mechanisms are institutions that affect economies of exchange by 

influencing transaction costs and coordination (Cook & Barry, 2004). Hazards and food 

quality threats may arise at all levels of the food system which may be concerning for 

consumers and policy makers. It is important to facilitate exchanges that relate to 

production and the parameters set by regulatory agencies to enforce compliance (Abebe 

et al., 2017) and controls for food safety (Wever et al., 2010) in managing mycotoxins.  

Jie-hong et al., (2015) tested the transaction cost economics approach (TCE) to 

explain the relationship between food safety controls and different governance structures 

in China’s fruit and vegetable industry. To test the transaction cost economics theory 

approach Jie-hong et al., (2015) examined 1,460 food safety incidents in China, where 

production was the most critical stage of transmission. Individual and small-scale farmers 

were not able to afford costs associated with food safety controls. Adoption of food 

safety is associated with various factors including (private based) firms characteristics 

and (public based) regulations and governmental support. Firms in this instance refer to 

governance structure and variance in food safety control practices Jie-hong et al., (2015).   
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Wever, et al., (2010) tested the TCE to explore the relationship between quality 

management systems and interfirm governance structures in meat supply chains. 

Governance structures refer to the manner which transactions are organized within a 

chain (Wever et al., 2010). The TCE theory is mostly associated with Williamson (1981) 

in analyzing governance structures choices. In the TCE governance structures are based 

on the extent to which actors coordinate or control various phases of the production 

process.  The challenges to food safety system are strongly linked to how food supply 

chains are organized. The agri-food industry firms are restructuring their production 

processes and distribution systems by transforming their contractual relationships.  

Abebe et al., (2017) tested the Transaction Cost Economics approach to examine 

governance structures and food safety management systems to detect potential food 

safety hazard. According a TCE framework different governance structures emerge to 

economize on transaction costs, which are caused by the characteristics of transaction and 

human behavior. Williamson argued that the TCE referred to private mechanisms in 

which transactions (economic exchanges) are coordinated within a supply chain. 

Governance structures range from market based where coordination relies on price to 

hierarchy where coordination depends on administrative control. 

Foodborne Illnesses, Outbreaks, and Costs 

The WHO estimated that each year as many as 600 million people worldwide will 

fall ill from consumption of contaminated foods (Hussain, 2016; King et. al, 2017). 

Keener et al. (2013) revealed that the total societal cost of foodborne illnesses in the 

United States could be about 152 billion dollars per year. The prevention of foodborne 
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illnesses will improve public health, reduce medical costs, and avoid disruptions to food 

systems caused by outbreaks and large-scale product recalls. Foodborne disease 

outbreaks caused by imported foods appeared to rise in 2009 and 2010, with nearly half 

of the outbreaks associated with imported products that implicated foods from areas 

where there were no previous outbreaks (Keener et al., 2013). The CDC Foodborne 

Disease Outbreak Surveillance reported that, from 2005 to 2010, foods that were 

imported to the United States from 15 countries caused 39 outbreaks and 2,348 illnesses, 

with nearly 45% of food causing outbreaks coming from Asia (Keener et al., 2013). In a 

similar study, Djekic et al. (2016) found that consumption of food contaminated with 

foodborne microorganisms and toxins produced by the microorganism may lead to death, 

illness, and hospitalization. 

Odeyemi (2016) revealed there are currently more than 2 million deaths that occur 

every year in developing countries due to foodborne diseases. More than 250 sources of 

foodborne diseases have been identified. With the increase of foodborne infectious 

diseases, various countries have imposed several food safety regulations. The global 

emergence and reemergence of foodborne pathogens have made food safety a concern for 

public health (Odeyemi, 2016). In developing countries, most foodborne outbreaks have 

been underreported or underestimated. For example, Nigeria has a reported case of 

90,000 foodborne diseases with a population of over a 170 million people. Hussain 

(2016) found that the highest number of outbreaks were attributed to produce in the 

United States in 2002 to 2011. Outbreaks of E. coli O157:H7, Cryptosporidium, and 

Listeria monocytogenes in the European Union and Salmonella in Australia (2016).  
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The GAO (2017) found that multistate foodborne illness outbreaks have 

increased, despite making up a small portion of total outbreaks affecting a greater number 

of people. The safety and quality of the United States food supply is governed by a 

complex system that results from at least 30 laws and 15 different agencies. The CDC 

reported that many who get sick from a foodborne illness will recover without lasting 

effects, but some individuals may suffer long-term health consequences, including 

chronic arthritis, kidney failures, and nerve damage. The GAO revealed that each year in 

the United States an estimated 1.3 million people is affected by an infection with the 

foodborne pathogen Campylobacter. Approximately one in 1,000 develop Guillain-Barre 

syndrome, a disorder in which a person’s immune system attacks the body’s own nerves. 

Exposure to E. coli, Salmonella, and other foodborne pathogens carries a long-term risk 

of developing Crohn’s disease, a chronic inflammatory bowel disease. The GAO found 

that, in 2015, data from the USDA and the Economic Research Service (ERS) indicated 

that the most common foodborne pathogens together impose an economic burden related 

to foodborne illnesses, hospitalization, and deaths in the United States of over 15.5 billion 

dollars annually. The FDA (2015) estimated health costs associated with foodborne 

illness at about 36 billion dollars annually, and foodborne illness outbreaks can impose 

additional high costs in food recalls. The CDC’s (2015) annual report stated that 

foodborne diseases from known pathogens are estimated to cause about 9.4 million 

illnesses each year in the United States (GAO, 2017).  

The expansion of food trade throughout the world has seen multiple nations set 

food safety standards for the maximum tolerance level of certain contaminants in food to 



32 

 

protect public health (Wu & Guclu, 2012). King et al. (2017) found that food safety is a 

shared concern for both developed and developing countries where foodborne diseases 

negatively impact the economy, trade, and industries. 

The Produce Safety Rule and Compliance 

Boer and Bast (2018) claimed that it is impossible to ensure that food will not 

pose serious risk to any consumer. Therefore, in 1993, the Organization for Economic 

Co-Operation and Development (OCED) established and developed policies regarding 

food safety as a reasonable certainty that no harm will result from intended uses. The 

OCED recognized that foods may contain certain toxins but can be considered safe based 

on controls put in place by management practices (Boer & Bast, 2018). In 1997, 

Regulation (EC) No 258/97, known as the Novel Food Regulation (NFR), was adopted to 

harmonize national procedures for bringing new products or ingredients intended for 

consumption to the European market (Boer & Bast, 2018). The harmonization of 

legislation throughout the European Union was to ensure that products are safe for human 

consumption (Boer & Bast, 2018). The use of hazard analysis critical control point 

(HACCP) does not work in a vacuum to protect consumers, but rather within a system 

that must be carefully planned and designed. Many countries have enshrined the HACCP 

approach into legislation, including the European countries’ Regulation on Hygiene of 

foodstuffs (EC No. 852/2004), the United States’ FSMA, and the Safe Foods for 

Canadians Act. This approach may mean strengthening through enforcement, but only if 

the authorities charged with enforcement have the necessary resources, skills, and 

expertise (Wallace, 2014a). 
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Adalja and Lichtenberg (2018) revealed that, in the mid-2000s, supermarket 

chains, commodity group organizations, and other entities had been privately instituting 

standards for food quality and safety due to foodborne outbreaks in the preceding decade. 

Those voluntary efforts were inadequate to provide safety measures. In January of 2011, 

Congress signed the FSMA into law. The Produce Safety Rule was first proposed in 

January 2013 and was officially known as the Standards for Growing, Harvesting, 

Packing and Holding of Produce for Human Consumption. The rule was finalized in 

November of 2015 and became effective in January 2016 (Adalja & Lichtenberg, 2018; 

Astill et al., 2019).  The FSMA’s Produce Safety Rule required operational changes to 

meet standards, including integrated agricultural systems, livestock grazing practices, and 

sanitation that could be costly for compliance (Adalja & Lichtenberg, 2018). In a similar 

study, Astill et al. (2019) found that outbreaks in produce seriously impact public health; 

such outbreaks increased in the mid-1990s for both domestic and imported produce, 

which led to calls for federal regulations. 

The structure of food safety remains a key public health policy challenge in both 

developed and developing countries (Lamuka, 2014). Most food safety challenges facing 

developing countries can be attributed to the management systems’ inability to detect 

risks and identify appropriate strategies for collaborative management of food safety 

(Lamuka, 2014). Despite safe food supply in developed countries, consumers’ perception 

of food safety continues to be problematic because of the ways that food businesses 

manage food safety. Food companies and agri-businesses must give considerable thought 

to managing food systems for effective public policy (Kussaga et al., 2014).  
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The enactment of the FSMA gave the FDA the authority to regulate the growing, 

harvesting, packing, and holding of fresh fruits and vegetables and represents a major 

shift in the firm’s approach from outbreak response to prevention-based control across 

the food supply (FDA, 2018). Fruits and vegetables accounted for 46% of foodborne 

illness outbreaks during the period of 1998 to 2008, a bigger portion than any other food 

category (Adalja & Lichtenberg, 2018). As one of the implementing rules of the FSMA, 

the FDA created the Produce Safety Rule to reduce health risks associated with 

foodborne illness from the consumption of fresh produce.  

The Produce Safety Rule became effective in January 2016 and requires 

operational changes to meet standards that could be costly, disproportionately so for 

small farms (Adalja & Lichtenberg, 2018; FDA, 2018). To test the Produce Safety Rule, 

Adalja and Lichtenberg (2018) examined food safety practices with small farm sizes and 

reported the expenditures. They then explored policy implications of the exemption to the 

“Rule” through simulation of changes for farm revenue and costs of compliance. The 

investigation revealed that the costs of compliance with the Produce Safety Rule were not 

size neutral but had negative impacts for profitability for small farmers. 

Hazard Analysis Critical Control Point 

HACCP is a food safety management system used to promote, assure, and control 

food safety (Kussaga et al., 2014; Nychas et al., 2016). The HACCP system also refers to 

a transnational governance regime that uses a preventative approach to food safety 

management to control health hazards from growing, harvesting, processing, 

manufacturing, distributing, and consumption of foods (Agyei-Baffour et al., 2013; 
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Lamuka, 2014; Wengle, 2016). Many countries have legislatively enacted HACCP to use 

at all stages of the food chain (Agyei-Baffour et al., 2013; Wallace, 2014). The United 

States National Aeronautics and Space Administration (NASA), the U.S. Army Natick 

Laboratories, and Pillsbury collaborated to develop HACCP to protect astronauts from 

getting foodborne illnesses while in space (Wallace, 2014).  

The HACCP system uses a preventative approach to food safety management and 

emphasizes risk mitigation to ensure foods are safe for consumption (Baker et al., 2014). 

Several studies have indicated inadequacies in some food safety management systems 

and deficiencies in hygienic, sanitation, and production practices (Kirezieva et al., 2013). 

HACCP based principles will help to understand the basic tenets of organizational 

measures to ensure safety measures and food control of microbiological principles.  

Food production and consumption are parts of a complex food system, and many 

factors can contribute to the occurrence or control of foodborne diseases. Hazards can be 

biological, chemical, or physical. HACCP is designed to address food safety hazards 

from all angles of the food chain, from preharvest to postharvest to consumption, with the 

main goal of producing safe foods (FDA, 2017b). Wengle (2016) revealed food safety 

regulations are central mechanism in the food system, the process, effects, and politics. 

Principles of HACCP  

The HACCP system is based on seven principles designed to address food safety 

through analysis and control of biological, chemical, and physical hazards (FDA, 2017d). 

These principles have been universally accepted by regulatory agencies and food and 

trade industries (FDA, 2017c): 
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-Principle 1: Conduct a hazard analysis. 

-Principle 2: Determine the critical control points (CCPs). 

-Principle 3: Establish critical limits. 

-Principle 4: Establish monitoring procedures. 

-Principle 5: Establish corrective actions. 

-Principle 6: Establish verification procedures. 

-Principle 7: Establish record-keeping and documentation procedures. 

For the past decade, food safety management has focused on animals and animal 

products, but risks of increased foodborne outbreaks have been linked to fresh produce, 

especially fruits and vegetables consumed raw (Kirezieva et al., 2013). Elimination of all 

contamination is impossible. Production, processing, and trade occur in different kinds of 

climates around the world under different regulatory guidelines and cultural conditions 

and within different industrialized food systems involving various actors from small and 

large supply chains. In the last decade, the issue of food safety has received increased 

attention due to several food safety scandals that raised public concern. In the United 

States, there have been several foodborne outbreaks of Escherichia coli. A globalized 

food trade, extensive production, and complex supply chain have contributed to an 

increase in microbiological food outbreaks that focus on developing food safety policy in 

strengthening management of foodborne hazards (Adinolfi et al., 2016).   

Each year millions of people in the United States get sick from foodborne 

infections and intoxications from the consumption of contaminated foods (DC 

Department of Health, 2018). The CDC (2018) reported that 17% of people living in the 
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United States get sick from a foodborne illness. When a foodborne disease outbreak is 

detected, public health and regulatory officials work in collaboration to collect 

epidemiological, traceback, and food and environmental testing data to find the source of 

the outbreak (CDC, 2018). The contamination of foods can occur at any stage of the food 

chain, resulting in people becoming infected with a foodborne illness that is significantly 

costly (CDC, 2018). 

With increased urbanization and globalization, food commodities may be exposed 

to various microbial, chemical, and physical hazards, which increases the risk of 

consumption of contaminated foods (Nychas et al., 2016). In densely populated areas, 

foodborne illnesses can affect large groups of people, which can result in outbreaks and 

hospitalizations. According to the WHO (2018a) and Lake et al. (2017), foodborne 

illnesses are usually infectious or toxic and can result from bacteria, viruses, parasites, 

and chemical hazards that enter the body through contaminated food and water. 

According to the CDC (2018), most of these hazards are undetected or underreported at 

the time of purchase or consumption. 

Food Safety, Compliance, and Enforcement Regulation 

The food industry is a billion-dollar system that incorporates several stakeholders 

from trade and agriculture as well as regulatory, health, private, and public sectors. Most 

importantly, it also includes its end users, the consumers. Snyder (2015) found that food 

safety regulation traces back to multiple sites of governance. Regulatory oversight in the 

United States food safety system has undergone major changes within the last decade. 

The growing importance of the United States food production in both foreign and 
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domestic trade has made it one of the major drivers for economic development. The 

identification of food safety as a national priority gave rise to organizational change and 

the modernization of the food safety legislative framework with the creation of the FDA, 

the Food Protection Plan of 2007, and the FSMA of 201l. The Food Protection Plan 

serves to protect the nation’s food supply from both unintentional contamination and 

deliberate attack. The FSMA is the most sweeping reform of food safety authority in 

more than 70 years, giving the FDA authorities an enhanced mandate to protect 

consumers and public health (FDA, 2018). Fruits and vegetables accounted for 46% 

foodborne outbreaks during the period between 1998 and 2008, which led to the creation 

of the Produce Safety Rule in 2016 to reduce health risks from foodborne illness from 

consumption of fresh produce (Adalja & Lichtenberg, 2018). 

In the past decade, food safety has received increased scrutiny with regards to 

regulation, the food supply chain, and international trade (Bavorová et al., 2014; Carneiro 

& Kaneene, 2017). Wengle (2016) revealed that food safety regulations are central 

regulatory mechanisms within the food system. Unnevehr (2015) found the emergence of 

stringent food safety standards is a result of growth in trade, hazard and epidemiology 

and regulatory oversight in industrialized countries. In the same study, Unnevehr (2015) 

found that, despite food safety regulation in high income countries dating back to the 

20th century, reforms since the 1990s reflect better scientific understandings of 

foodborne risks. Wu and Guclu (2012) found that many countries have set food safety 

standards for the maximum tolerance level of certain contaminants for the purpose of 

protecting public health.  
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Many countries have established legislation for regulating toxins and mycotoxins 

with guidance levels. Kovalsky et al. (2016) revealed there are emerging mycotoxins that 

have no regulation to date. Fietz et al. (2018) found that decisions on whether to comply 

with regulations are determined by benefits and costs. The European Union maximum 

allowable level varies with commodity and the degree of processing. Currently, over 5 

billion people are at risk from aflatoxin, a common foodborne fungus that colonizes 

crops. In industrialized nations, the contamination of aflatoxin in foods is primarily more 

economic than for health burdens.  

The European Union regulation on aflatoxin costs Africa 670 million dollars each 

year in export (Wu & Guclu, 2012). The loss of millions of dollars in the United States 

annually is associated more with market losses than health effects due to enforcement of 

aflatoxin standards that have largely eliminated exposure in foods. In comparison to 

developing countries that lack resources and infrastructure to monitor and control 

aflatoxin. Typically, the highest exposures are in sub-Saharan African and Asian 

countries. Food safety regulation can take on various forms as enforcement agencies have 

different degrees of uniformed standards. To fully understand the impact of food safety 

regulation is to evaluate the process of compliance (Henson & Heasman, 1998). The food 

service industries are made up of facilities that serve prepared food for immediate 

consumption by consumers. In 2016, the United States food service industry had 

projected sales of 783 billion dollars; commercial food service establishments were 

responsible for these sales (Harris et al., 2017). 
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Agyekum and Jolly (2017) revealed that, in recognition of the health risks posed 

by aflatoxins, the World Trade Organization (WTO) Sanitary and Phytosanitary 

Standards (SPS) agreement allows member countries to set their own standards to protect 

consumers, a policy known as the Precautionary Principle. Since 1998, food standards in 

industrialized nations have evolved, with the European Commission announcing new 

aflatoxin regulations of imported foods. However, setting appropriate levels for aflatoxin 

in foods, especially peanuts, has been a controversial policy (Agyekum & Jolly, 2017). 

Food Safety and Mycotoxins  

There are more than 250 known foodborne diseases caused by bacteria, viruses, 

parasites, and chemical contaminants that enter the body through contaminated food and 

water (CDC, 2017b). According to the CDC, 1 in 6 Americans get sick from foodborne 

illness. Of most concern are chemical contaminants, such as mycotoxins, which occur 

naturally and are detrimental to the health of humans. Mycotoxins are environmental 

toxins found on grains produced by molds that can affect corn and wheat cereals. Unsafe 

and contaminated foods are one of the leading causes of death and illness, which makes 

food safety and foodborne diseases a concern for public health (Rehber, 2012). 

Marroquín-Cardona et al. (2014) revealed that an estimated 200,000 people are 

added to the global food demand daily, and by 2050 the world population will exceed 9 

billion. Population growth places additional importance on making foods for humans safe 

for consumption, and both developed and developing countries are at risks. Studies have 

indicated that the global incidence of foodborne diseases is difficult to estimate. The 

WHO (2017) and FAO (2018) have concluded that foodborne illness is a global health 
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problem. In a similar study, Klingelhöfer et al. (2018) reported that foodborne diseases 

remain a significant challenge, and the WHO estimated that about 600 million people are 

affected by foodborne illnesses each year, which is important context for promoting 

global food safety. 

The contamination of mycotoxins in various crops has implications for human 

and animal health as well as economic loss to the feed and food industry. Cheli, Pinotti, 

et al. (2013) and Patriarca and Pinto (2017) revealed that the FAO estimated that 25% of 

the world’s annual crop production is contaminated with mycotoxins, which resulted in 

an estimated 1 billion metric tons of food and feed loss. The total costs of mycotoxin 

contamination can reduce yields in crop growth, production, and animal productivity and 

increase health and risk management costs (Patriarca & Pinto, 2017).  

In their study, Mwalwayo and Thole (2016) found that farming households in 

Malawi, a country in southern Africa, operate below subsistence and low productivity of 

maize, their main food for consumption and trade. With the results of poor food quality 

due to mycotoxin contamination, this population is at serious risk of ill health, food 

insecurity, and gross domestic loss. Several epidemiological studies have reported the 

incidences of foodborne diseases due to mycotoxin contamination in grain foods. Other 

studies have revealed lack of awareness and understanding of mycotoxin contamination 

on food safety and human health. 

In a similar study, Unnevehr (2015) found that food hazards can lead to acute and 

chronic illnesses and reduce food availability for insecure populations. Unnevehr stated 

that food safety has received increased attention and is an important public health issue in 
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developing countries. Moretti et al. (2019) indicated that, among the emerging issues of 

food safety, is the increase of plant diseases that are associated with fungal toxins, which 

synthesize mycotoxins, which is a major problem for human and animal health 

worldwide. Mycotoxins are the most prevalent food-related health risk in field crops; 

they affect cereals, the most consumed worldwide food staple for humanity (Moretti et 

al., 2019).  

According to Stoev (2013), food safety and protecting humans from foodborne 

diseases due to mycotoxin contamination are significant challenges, especially in 

developing countries. Although developed countries may have well designed 

infrastructure in place, foods for domestic consumption must have various methods of 

control to ensure foods are safe at all levels of the food chain. 

Lee and Ryu (2015) revealed that aflatoxins, ochratoxins, fumonisins, 

trichothecenes, and zearalenone are most important to food safety and public health due 

to worldwide occurrence and toxicity. Several epidemiological studies have indicated that 

consuming aflatoxin through foods is associated with liver cancer, immune suppression, 

and stunted growth in children (Marín et al., 2013; Marroquín-Cardona et al., 2014). Pitt 

et al. (2013) reported in a similar study that aflatoxins are the most important because 

they are a potent liver carcinogen, have severe health effects on humans, are produced by 

several species of Aspergillus, and are significant because production is both before 

harvest and postharvest conditions.  

The risk of foodborne diseases can occur due to exposure to a microbial toxin. 

The WHO (2018) revealed foodborne mycotoxins can cause severe illnesses that have 
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long-term health effects, such as cancer and immune deficiency. Foodborne diseases 

negatively impact countries’ economies, trade, and industries and threaten global food 

safety and food security (King et al., 2017). Food safety is often compromised by the 

presence of mycotoxins in grain foods, which is a global problem in both developed and 

developing countries (Kussaga et al., 2014). 

Classification of Mycotoxins and Human Health 

Many studies have revealed that the occurrence of mycotoxins in human foods 

and feed is worldwide. In the last decade, Europe has increased the number of regulated 

mycotoxins to protect human and animal health (De Saegar et al., 2016). Mycotoxins are 

chemicals produced from filamentous fungi that cause adverse health effects in humans 

and animals (Lee & Ryu, 2015). Those from the genera Aspergillus, Penicillium, and 

Fusarium are of great concern in crop production, processing, storage, and reduction of 

competitiveness in agricultural commodities (Udomkun et al., 2017). Despite the 

identification of many mycotoxins, aflatoxins, fumonisins, ochratoxins, tricothecenes, 

and zearealenone are toxicologically recognized due to worldwide prevalence in 

agricultural commodities and to the threat they pose to food safety. Mycotoxins are a 

public health concern because, even at low level contamination, exposure can cause 

serious health problems. The significance of this problem is that toxigenic species of 

mycotoxins can cause synergistic effects to produce other mycotoxins, which are 

potentially dangerous to human health. Populations with little or no regulatory 

enforcement or primary strategies to reduce risk of mycotoxin contamination are at risk 

of significant health threats.  
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All humans are at risk for mycotoxin exposure via ingestion of contaminated 

foods, so mycotoxins are a significant threat to food security and food safety. Sobral et al. 

(2018) revealed in a study that human exposure to mycotoxins can occur 

gastrointestinally via ingestion of contaminated food and beverages and through 

respiratory transmission; through inhalation, mucous and cutaneous compounded with 

gaps in knowledge and awareness of mycotoxins. 

Aflatoxins  

Aflatoxins are produced by the Aspergillus species and are the most poisonous of 

mycotoxins (Abrunhosa et al., 2016). Hot, humid conditions and pest damage during 

plant growth or storage can favor the growth of aflatoxins (Canadian Food Inspection 

Agency [CFIA], n.d.). There are significant health risks and economic impacts from 

agricultural crops frequently affected by Aspergillus species; susceptible crops include 

cereals, oilseeds, spices, and nuts. Cereals include corn, sorghum, wheat, and rice. 

Oilseeds include soybean and peanuts. Spices include black pepper, turmeric, and ginger. 

Nuts include tree nuts, such as pistachios and walnuts. The toxins can also be found in the 

milk of farm animals that have eaten contaminated feed. Aflatoxins in large doses can 

lead to life-threatening acute poisoning and cause cancer as well as damage to the liver 

and DNA (WHO, 2018; Abrunhosa et al., 2016).  

Aflatoxins are hepatocarcinogenic toxins. The disease they cause was known as 

Turkey-X disease due to a major outbreak in England and Turkey in the 1960s, which 

resulted in 100,000 deaths (Anukul et al., 2013). In a similar study, Womack et al. (2013) 

found that aflatoxins are highly toxic and mainly produced from the strains Aspergillus 
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flavus and Aspergillus parasiticus. Despite showing stability in most conditions during 

growth, harvest, processing and storage, aflatoxins can accumulate to dangerous levels. 

Mwalwayo and Thole (2016) discussed in their study that mycotoxicosis in sub-Saharan 

Africa is mainly caused by aflatoxin ingestion, and about 250,00 hepatocellular 

carcinoma related deaths occur annually. The same study conducted by Mwalwayo and 

Thole (2016) revealed that maize is one of the most important food staples; it is grown by 

97% of farming households, accounts for 60% food consumption, and contributes to the 

diets of about 80% of the population.  

Alberts et al. (2017) found vulnerable populations are at risk of ill health after 

consuming poor quality grains contaminated by mycotoxins. The International Agency 

for Research on Cancer (IARC) has classified aflatoxins as a carcinogen to humans that 

causes heptacellular carcinoma, and aflatoxicoses often lead to death after exposure 

(Moretti et al., 2019). Aflatoxins are a significant threat to human health and are 

carcinogens associated with the hepatitis B virus that are responsible for large numbers of 

deaths annually, especially in tropical countries (Adeyeye & Yildiz, 2016). The CFIA 

(n.d.) revealed that short-term exposure to high levels of aflatoxins can cause illness in 

humans, which is characterized by vomiting, abdominal pain, convulsions, coma, and 

death. Despite finding the illness rare in developed countries, the CFIA (n.d.) indicated 

chronic and long-term exposure to high levels of aflatoxins is linked to several human 

health effects, including increased risk of developing liver cancer. 

Aflatoxins are found in various foods and feed and are known to be associated 

with various diseases, such as aflatoxicoses in livestock, domesticated animals, and 
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humans around the world. Sheikh-Ali et al. (2014) found that several outbreaks of 

aflatoxicoses were investigated in Kenya and impaired child growth in Benin because of 

post-weaning exposure to aflatoxins. In developing countries, exposure to aflatoxins 

leads to overall health disorders and low life expectancy due to food insecurity, poverty, 

and malnutrition (Klingelhöfer, 2018; Sheik-Ali et al, 2014). Aflatoxins remain a global 

challenge to protect human health from foodborne diseases.  

Several countries have proposed or instated regulations for aflatoxins due to the 

health hazards posed to humans through consumption or exposure. Aflatoxins present the 

greatest threat to the United States food supply, and from 2004 to 2013 there were 18 

reports of food and feed recall from contamination (Mitchell et al., 2016). The FDA has 

limits of 20 ppb of total aflatoxins in meals and feed and 0.5 ppb in milk (Umesha et al., 

2017), since even in small quantities they can cause severe toxicity very damaging to 

humans.  

Fumonisins 

Fumonisins (FBs) are produced from the Fusarium genus, Fusarium 

verticillioides, F. proliferatum, and A. niger. Like aflatoxins, fumonisins cause diseases 

and are an ongoing problem for food safety. Fusarium is the largest fungal form and the 

most prevalent toxin-producing fungi found in America, Europe, and Asia; it is 

commonly found in agricultural grains and cereal (Escrivá et al., 2015).  

Fumonisins were discovered in 1988 in South Africa following an outbreak of 

equine encephalomalacia; then, in 1989 and 1990, there were fatal outbreaks of equine 

leukomalacia, porcine prenatal and neonatal mortality, and pulmonary edema in the 
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United States (Anukul et al., 2013). Wu et al. (2014) found fumonisins are associated 

with esophageal cancer and neural tube defects. In a similar study, Mwalwayo and Thole 

(2016) reported that the International Agency Research in Carcinogenics classified 

fumonisins as a 2B compound probably carcinogenic for humans. Fumonisins’ 

contamination of many agricultural products, especially maize, has been associated with 

several human and animal diseases. Pathogenic effects stemming from ingestion of 

fumonisins include abdominal pain and diarrhea, leukoencephalomalacia, pulmonary 

edema, and elevated risk of esophageal cancer (Luo et al., 2018; Mwalwayo & Thole, 

2016). 

In their study, Bezerra da Rocha et al. (2014) found that, in regions of southern 

Africa, China, and northern Italy, corn grains had been associated with several cases of 

esophageal cancer. The same researchers found fumonisins in corn sold in supermarkets 

in Charleston, South Carolina in the United States among African Americans with the 

highest incidence of esophageal cancer. In a similar study, Cendoya et al. (2018) found 

that fumonisins have major impacts on human health, welfare, and productivity.  

Several studies have indicated fumonisin consumption and exposure stunts 

growth in children. The Joint FAO/WHO Expert on Committee on Food Additives 

(JEFCA) has determined a provisional maximum tolerable daily intake of 2mg/kg per 

body weight (Cendoya et al., 2018). The European Union set limits for human 

consumption of fumonisins in cereal-based foods in 2007 but did not establish limits for 

wheat and wheat-based foods. There have been several studies on fumonisins in human 
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populations in Latin America and other countries where occurrence has been reported 

(Cerón-Bustamante et al., 2018; Tibola et al., 2015). 

Ochratoxin A 

Ochratoxin A (OTA) is a fungal toxin produced by several species of Aspergillus 

and Penicillium (Kuruc et al., 2015; Nguyen & Ryu, 2014). It is one of the five 

mycotoxins that are of concern to animal and human health. Ochratoxin A forms during 

the storage of crops and is known to cause toxic effects in animals that could result in 

damage to kidneys, fetal development, and the immune system. Ochratoxin A 

contamination occurs in food commodities, such as cereals and cereal products, coffee 

beans, dried fruits, beer, and wine (WHO, 2018).  

OTA is absorbed from the gastrointestinal tract and binds to plasma proteins. It 

can cause problems in the renal system. In the United States, infants and young children 

are at greatest risk from OTA (Mitchell et al., 2017). According to Mitchell et al. (2017), 

several countries around the world, such as Brazil, Israel, Switzerland, Uruguay, and the 

European Union countries, have set maximum regulatory limits. Both the United States 

and Canada have not set regulatory guidelines for OTA. In the Canadian population, 

especially in the diets of children, wheat-based foods, oats, rice, and raisons are the major 

contributors of OTA, which is a serious public health concern (Mitchell et al., 2017).  

OTA is a carcinogen that can cause urinary tract cancer in humans and comes in 

three forms: A, B, and C (Adeyeye & Yildiz, 2016). OTA has been included by the 

International Agency for Research on Cancer in a 2B group classification as a carcinogen 

to humans. Alim et al. (2018) found that exposure to OTA severely affects the kidneys 
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and is associated with immunotoxicity, neurotoxicity, myelotoxicity, and reproductive 

toxicity, all of which can lead to both acute and chronic conditions and even death in 

humans. 

Tricothecenes  

Tricothecenes (TRC) constitute a group of approximately 150 metabolites 

produced by fungi of the genera Fusarium, Myrothecium, Stachybotrys, Trichoderma, 

and several others (Bezerra da Rocha et al., 2014). Tricothecenes of the Fusarium species 

are of the greatest threat to human and animal health because of their widespread 

occurrence in cereal crops (USDA, 2018). Despite the identification of several 

tricothecenes, few occur naturally. Dexoynivalenol (DON), nivalenol (NIV), toxin T2, 

Toxin HT2, and diacetoxyscirpenol (DAS) are the tricothecenes that are most relevant to 

food safety and agriculture in the United States (Abrunhosa et al., 2016; USDA, 2018).  

DON is the class of mycotoxin mostly found in grain foods, such as wheat, oat, 

rye, and corn. DON contamination is a significant problem in the United States Midwest, 

Canada, Europe, and Asia (USDA, 2018). TRC can be acutely toxic to humans when 

ingested, causing rapid irritation to the skin or intestinal mucosa, leading to diarrhea. 

Reported chronic effects in animals include suppression of the immune system. Cherkani-

Hassani et al. (2016) found that tricothecenes A have been associated with fatal and 

chronic toxicosis and tricothecenes B with acute toxicity in humans. García-Cela et al. 

(2012) revealed tricothecenes are strong inhibitors of protein synthesis in mammalian 

cells, causing toxicity in humans and animals. 
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Tricothecenes are the largest group of toxins that cause vomiting, diarrhea, 

hemorrhage, kidney damage, and immunosuppression (Luo et al., 2018). In a similar 

study, Marroquín-Cardona et al. (2014) found that DON can have serious health effects 

related to anorexia, weight loss, malnutrition, endocrine malfunctions, and immune 

suppression. DON is resistant to food processing, making it problematic for food 

security. Contamination of wheat. barley, and other field crops with tricothecenes can 

compromise food safety, leading to reduction in quality, economic losses, and the fungal 

disease FHB (Da Luz et al., 2017). 

Zearalenone 

Zearalenone (ZEN) is produced from several Fusarium species and is mainly 

found in cereal crops, such as maize, barley, oats, wheat, rice, and sorghum, with the 

highest contamination levels found in maize. ZEN has the widest distribution in the world 

(Stoev, 2014). Lee and Ryu (2015) revealed that, in European countries, ZEN is mostly 

found in wheat, rye, and oats; in the United States and Canada, wheat and corn are 

frequently contaminated.  

A study conducted by Marroquín-Cardona et al (2014) indicated that susceptible 

populations, like the poor, are disproportionately affected by risks of consuming mold-

contaminated crops. Mold contamination frequently occurs at the preharvest stage. 

García-Cela et al. (2012) found that ZEN was implicated in several cases of 

mycotoxicosis in farm animals and head blight found in wheat, barley, and maize. James 

and Zikankuba (2018) revealed that ZEN causes reproductive toxicity, disrupting estrous 

cycles in mammals and inducing cervical cancer in humans. Due to its resemblance to the 
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principal hormone in the human ovary it can bind to estrogen receptors. Relatedly, Luo et 

al. (2018) found that ZEN is an oestrogenic mycotoxin that affects puberty in girls and is 

highly toxic. 

Environmental Conditions 

Mycotoxins are environmental toxins produced by molds that contaminate various 

agricultural commodities before harvest and postharvest. They often grow on crops, 

including cereals, nuts, spices, coffee beans, and dried fruits. Of all environmental 

contaminants, mycotoxins have the greatest consequences for human health and as well 

as the greatest economic costs. Mycotoxin contamination in various crops affects feed 

and food safety significantly.  

The management of postharvest practices to prevent contamination during storage 

by maintaining low temperature and humidity conditions to limit fungal growth is 

important for the agri-food industry (Alshannaq & Yu, 2017; Bezerra da Rocha et al., 

2014; De Saeger et al., 2016). Mycotoxins are ubiquitous in nature and can come from 

certain plant diseases and grains that were improperly stored, leading to mold growth. 

Fungal toxins grow under certain environmental conditions, especially in warm and 

humid temperatures. The growth of toxins may start in the field and continue during 

harvest, storage, processing, and handling (Neme & Mohammed, 2017). Moisture and 

oxygen content are environmental factors that affect production of aflatoxins. Climate 

change is increasing the growth of mycotoxins; warmer temperatures facilitate the growth 

of fungi (Anukul et al., 2013).  
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Outbreaks of aflatoxin contamination are most severe in tropical and subtropical 

regions and in temperate climates, like in the United States Midwest. Afsah-Hejri et al. 

(2013) revealed environmental factors, such as temperature, humidity, water activity, and 

storage conditions, significantly influence mycotoxin growth. Also, poor harvesting, 

processing, drying, and transportation practices influence fungal growth. Lahouar et al. 

(2016) found that climate change has been significant and, depending on geological and 

climate conditions, fungal species can affect foods and feeds. Mycotoxin contamination 

of agricultural crops can occur when fungal growth acts as a pathogen on plants and 

fungal growth on stored crops. Agricultural commodities in tropical and subtropical 

environments are more susceptible to mycotoxin infestation (Afsah-Hejri et al., 2013; 

Aldars-García et al., 2016; Lahour et al., 2016). Postharvest conditions pose a threat to 

food safety because of challenging factors that influence growth of mycotoxins. During 

preharvest, crops can be contaminated by fungi and insects that infect grains (Aiko & 

Mehta, 2016). Cultural awareness, attitudes, and behaviors also play a significant role in 

risk of contamination from mycotoxins because of a lack of knowledge about the effects 

on human health (Nayak & Watson, 2016). 

Economic Burden of Foodborne Diseases 

Foodborne disease is a challenge for global health and promoting food safety is 

vitally important to the health of humans. Foodborne diseases are commonly transmitted 

through foods, microbial pathogens, and chemical and physical hazards (Lake et al., 

2017). Each year, foodborne illnesses affect an estimated 600 million people, according 

to the WHO. Lake et al. (2017) revealed that the burden of foodborne diseases is very 
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costly and may require a quantitative assessment to allocate resources to develop 

effective food policies that will improve the health of a population. The issue of 

comorbidity may compound the risks of foodborne diseases, putting vulnerable 

populations at greater risk of susceptibility to ill health caused by mycotoxins in foods. 

Klingelhöfer et al. (2018) found that globalization and trade of agricultural 

commodities across borders of both developed and developing countries pose unique 

challenges to global food safety. Growing urbanization, movement beyond borders, and 

different processing and handling techniques increase the risks. Outbreaks of foodborne 

diseases are most prevalent in developing countries due to improper handling and 

regulatory practices. Several studies have shown diseases of water and foodborne origin 

are a problem for developing countries and a leading cause of death and illnesses (Alimi 

& Workneh, 2016). Womack et al. (2014) revealed that the FAO estimated 25% of crops 

are infested with mycotoxins, which is an economic concern for populations worldwide.  

The economic impact of aflatoxin contamination includes cost of preventative and 

mitigation measures, reduced value in foods and feed, and decreased animal production. 

Womack et al. (2014) found that the toxicity of aflatoxin costs the United States an 

estimated 500 million dollars, while the global cost is about one billion dollars. A study 

by Alshannaq and Yu (2017) showed aflatoxins are the most toxic mycotoxin with 

significant burden to agriculture. For the United States and European Union countries, 

economic burden is the primary concern for aflatoxins, whereas, in developing countries 

in Africa and Asia, aflatoxins contribute largely to cases of heptacellular carcinoma 

annually. In the same study, Alshannaq and Yu revealed that the United States’ corn 
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industry has an estimated loss of 52.1 million dollars to 1.68 billion dollars due to 

aflatoxin contamination and is also the main hazard for rejection of foods and feeds in the 

European Union Rapid Alert system for Food and Feed (RASFF). 

Mycotoxin is a fungal toxin that occurs naturally and is a serious food safety issue 

that affects grain products, such as wheat, corn, and barley, in both developed and 

developing countries. In a case study of street food vendors in Africa and Asia, Alimi and 

Workneh (2016) revealed that street food vending contributes significantly to the 

growing economy. Street foods are more prone to mycotoxin contamination in 

developing countries. Mycotoxins can infest the entire food chain, which increases the 

threat to food safety. The onus is on food industries to ensure best practices by enforcing 

regulatory guidelines in trade to safeguard food for consumption. The consequences of 

foodborne illnesses from mycotoxin contamination have caused serious economic 

burden. Bryden and Nriagu (2011) conducted a study on natural food chain contaminants 

and found mycotoxin contamination can occur throughout the food chain, which has 

severe economic impact. The insidious nature of mycotoxins can make it difficult to 

estimate incidence and cost.  

Several studies have indicated that mycotoxins can be produced in crops and other 

food commodities both preharvest and postharvest. Cendoya et al. (2018) conducted a 

study on cereals, including wheat, rice, maize, barley, oats, millet, and rye, which make 

up a large part of the human diet. The researchers found that cereals are frequently 

colonized by mycotoxins, particularly Fusarium species. This has a major impact on 

productivity, health, and the economy. A similar study by Alim et al. (2018) revealed that 
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breakfast cereals make up a huge part of the human diet by providing essential 

macronutrients; they estimated approximately 2592 million tons in production and 2567 

million tons in consumption. Gregori et al. (2013) determined that long storage of cereal 

in silos is a common practice worldwide. Preharvest protection of cereal from fungal 

infestation is important to prevent economic losses during storage and further 

contamination during production. Fusarium, Aspergillus and Penicillium spp. are of 

importance economically.  

A study by Escrivá et al. (2015) revealed that Fusarium is one of the most 

important genera of fungi that infects agricultural crops, especially wheat, a commodity 

grain. This toxin-producing fungus is found commonly in America, Europe, and Asia. 

Disease from this species is an ongoing problem for agriculture. International trade of 

agricultural commodities, such as cereal grains, nuts, and peanuts, amounts to many tons 

each year. These foods can be susceptible to mycotoxin contamination. While developed 

countries have set regulatory guidelines and enforcement for international trades, some 

developed countries are at considerable risk of economic loss due to mycotoxins 

(Adeyeye & Yildiz, 2016).  

Traditional and cultural market purchases of agricultural commodities can have 

long storage times, which creates conditions for mold infestation and subsequent 

rejection that can result in economic losses and food safety deficiencies (Kussaga et al., 

2014; Umesha et al., 2017).  
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Epidemiology, Surveillance, and Food Safety Organizations 

Epidemiology and surveillance are important for monitoring chronic diseases and 

creating intervention strategies in managing public health. These approaches require 

collecting data and identifying gaps to provide and support intervention strategies in 

policy making and affect societal changes (Remington et al., 2016). Epidemiology is an 

essential discipline of public health. It contributes to promoting health, preventing 

diseases in an organized society, and assessing health issues at the policy and strategic 

levels (Gulis & Fujino, 2015).  

The Epidemiological Triangle is often used in public health to assess the 

relationship between an agent, a host, and its environment (Gulis & Fujino, 2015). The 

agent that causes the disease can be physical, chemical, or biological, the host who 

harbors the disease and the environment where the diseases are transmitted (Bowman et 

al., 2012; CDC, n.d.; Gulis & Fujino, 2015). In this quantitative study, the agent 

mycotoxin was a naturally occurring fungi and a food hazard. The host was humans that 

are likely to be affected by mycotoxin contamination through food consumption. The 

environment was settings where the disease is caused due to exposure and consumption 

of mycotoxins that are associated with different types of cancers (Unnevehr, 2015). The 

epidemiological model is a tool used for mapping to inform how diseases spread and to 

control spread through identification and prediction of the greatest risks (Pigott et al., 

2015). Epidemiological studies have shown that foodborne diseases may occur when 

individuals are susceptible to infection from contaminated foods. 
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State and local authorities usually investigate foodborne disease outbreaks, and 

there are several agencies that are responsible for monitoring outbreaks. The CDC 

operates under the Department of Health and Human Services in the United States and is 

responsible for the protection of the lives of Americans from health, safety, and security 

threats from home and abroad (CDC, 2017). The FAO is the principal agency of the 

United Nations; it is a leader on global food safety and quality and works in tangent with 

the WHO and Codex Alimentarius on various policy issues concerning harmonization of 

food safety and health (Boutrif, 2014).  

Unnevehr (2015) revealed that food safety is an important health issue in 

developing countries because risks contribute to the burden of illness. Several studies 

have indicated the importance of mycotoxin hazards through food consumption and their 

association with liver cancer, stunted growth in children, and immune suppression. The 

concern of food safety is significant to public health and food security. 

Food Security and Policy 

Maintaining food supply to feed a population is integral to food security. 

However, the challenges lie in supplying foods that are safe, nutritious, quality assured, 

and free from environmental contaminants. Among those contaminants are mycotoxins, 

which can cause foodborne diseases. Studies have indicated that public policies are 

formulated at many levels of government and have been key in bringing about public 

health achievements in the 19th and 20th centuries in areas of clean water and sanitization 

(Bowman et al., 2012). In the same study, Bowman et al. (2012) indicated that public 

policy is instrumental in the prevention of and control of chronic diseases and 
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emphasized education, legislation, and regulatory and fiscal measures for population 

interventions. In a similar study, Mohamad and Khalid (2016) demonstrated that food 

safety is a shared responsibility.  

A study conducted by King et al. (2017) indicated that the global population is 

expected to reach 9 billion by the year 2050, which will require more food production. 

The food chain will involve more challenges, and patterns of consumption will change, 

so food safety will be critical to food security. Bureau and Swinnen (2017) and Díez et al. 

(2017) revealed that, in recent years, the European Commission (EC) has identified food 

safety as a top priority with the legislative concept of “farm to fork,” which aims to 

harmonize food safety programs. “Food security is determined by three key components 

(a) sufficient food availability, (b) access to this food and (c) quality and utilization of the 

food in terms of nutrition and cultural perspectives” (Medina et al, 2017). In the same 

study, Medina et al. (2017) found that concerns about mycotoxins have been the focus of 

the FAO and WHO because of the significant levels of toxicity that impact food security. 

Despite strict regulation limits in some parts of the world, many African countries only 

have regulation for those crops intended for export; often, residents in those countries 

consume crops that are of poor quality and infested with mycotoxins, a significant health 

risk to the vulnerable. Adetuniji et al. (2014) found in their study that the safety of foods 

and feeds for humans and animals should be the top priority in advancing regulation, but, 

in many parts of Africa, vulnerable populations suffer greatly because of poor diets and 

unsafe foods.  
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The research argues that decision making to improve food safety is a global 

challenge due to the complexity of policy formation. Policy making requires several 

actors to operate and pushes beyond the border of social, economic, and political 

dimensions (Smith et al., 2016). There is no one overarching food policy within nations, 

and vulnerable populations are often marginalized due to lack of resources. Effective 

food safety policies can target consumer awareness, collaboration and harmonization, and 

regulation to improve food security by ensuring access to safe, healthy, and affordable 

foods. The essential approach to the significant global food safety challenge is to promote 

good governance through desirable policies that increase food security. 

Food Law and Inspection Regulation 

Almond and Esbester (2018) found that different agencies have long used 

inspection as a regulatory tool that has shifted over time from state-led control toward 

more self-regulation. Makofske (2019) reported that regulatory compliance is often 

promoted by unannounced inspections during which detected violations incur 

punishment. Inspection regimes promote compliance by establishing a cost for violations. 

In the same study, Makofske (2019) revealed that inspections spanning from October of 

2015 through March of 2018 using open data from the County of Los Angeles that 

multiple establishments and individual establishments performed significantly worse on 

days when there was facility’s only inspection. There were 7.75% more violations and 

16.2% more major critical violations. The most severe LA County health code violations 

were detected when there was one of multiple inspections. This suggests these 
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establishments had lower compliance levels than was often detected due to the ability to 

anticipate inspection timing (Makofske, 2019). 

In the District of Columbia, the Food Safety and Hygiene Inspection Services 

Division (FSHISD) of the Department of Health and Human Services is responsible for 

the inspection of the city’s 6,500 food establishments (Government of the District of 

Columbia Department of Health, 2018). These establishments include delicatessens, 

bakeries, grocery stores, retail marine markets, ice cream manufacturers, restaurants, 

wholesale markets, mobile vendors, hotels, and cottage food establishments (Government 

of the District of Columbia Department of Health, 2018). The DC Healthy People 2020 

goal on food safety focuses on limiting foodborne illnesses. While this is important, food 

safety depends largely on food systems in production, processing, storage, transport, and 

consumption (Government of the district of Columbia Department of Health, 2018). 

The FAO (2018) revealed that the key to effective food control is through a legal 

framework that countries adopt to create food laws and regulations. These laws and 

regulations can be complex. Over 100 countries have adopted regulations to limit 

mycotoxins in foods to protect consumers from health risks. The Codex Alimentarius 

Commission has recommendations on the maximum limits of mycotoxins (Moy et al., 

2014). Marín et al. (2013) found many countries have adopted regulations to limit 

mycotoxin exposure. The FAO estimated about 25% of cereal that is produced worldwide 

is contaminated with mycotoxins.  

Since the 1970s, mycotoxins have been a growing concern as food contaminants 

(Moy et al, 2014). Several mycotoxins have been identified, with a limited number 
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occurring frequently at significant concentration in foods. Among the mycotoxins that are 

of food safety and public health importance due to occurrence and toxicity are aflatoxins, 

ochratoxins, zearalenone, fumonisins, and tricothecenes, particularly deoxynivalenol (Lee 

& Ryu, 2015). Due to worldwide occurrence and prevalence, chronic exposure may lead 

to adverse health effects, even at low concentrations in foods. Toxigenic fungi species 

may produce one or more mycotoxins, and multiple species can produce one of the 

mycotoxins (Lee & Ryu, 2015).  

In several studies conducted in North and South America, Europe, and Asia, tests 

revealed positive samples of aflatoxins, ochratoxins, zearalenone, fumonisins, and 

tricothecenes. Mycotoxin formation is challenging to control, and failure to prevent 

fungal growth and production of toxins, both preharvest and postharvest, will lead to ill 

health and economic losses. Studies have shown that mycotoxins can appear in the food 

chain by fungal infection of crops, by direct consumption by humans, and in livestock 

feed (Marín et al., 2013). Wheat, a frequently consumed food worldwide, has a 

susceptibility to fungal disease outbreaks, particularly FHB (Tibola et al, 2015). In the 

United States, the costs of foodborne illness have been widely investigated (Lake et al., 

2017). Regulatory efforts focus on risk management and promote food safety objectives 

to oversee how industries control and implement measures. Many food safety issues are 

complex, and regulators must innovate guidelines and tools that are effective to manage 

food safety. To meet food safety objectives (FSO) and to manage mycotoxin levels in 

foods, international specialists aid in evaluation. The toxicity in significant mycotoxins is 
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set by the JECFA, which advises the EFSA and the US National Toxicology Program 

(NTP) on permissible toxicity levels in international trade (Pitt et al., 2013).  

In a study, Udomkun et al. (2017) revealed that legislation and regulations are 

constantly evolving issues but are important for addressing mycotoxin contamination in 

foods and feeds; countries have recognized the significance of establishing limits for 

human consumption that will reduce healthcare costs and access to market value in 

international trade. In a similar study, Milicevic et al. (2015) found that mycotoxin 

regulation and legislation in developing countries could fundamentally protect the 

populations, reduce economic burdens, advance trade, increase risk management, enforce 

surveillance, and subsequently improve food security. 

Mycotoxin exposure in humans demands a regulatory infrastructure. The 

European Union has set limits for aflatoxin and aflatoxin B1 in cereal grains at 2 mg/kg, 

for ochratoxins at 5 mg/kg, for tricothecenes at 500 mg/kg, and for zearalenone at 50 to 

100 mg/kg (Escrivá et al., 2015; James & Zikankuba, 2018). In some sub-Saharan 

African countries, there are set regulations for aflatoxins but for no other major 

mycotoxins, which is problematic for the health of the population and a public health 

concern. Lee and Ryu (2015) found that the European Union and Canada have set 

regulatory guidelines for ochratoxin A, but the United States did not have any guidance 

on tolerable intakes or levels. Several studies conducted in the United States showed high 

incidences of ochratoxin A in oats and oat-based breakfast cereals of infants, which is 

quite concerning for public health. There is a lack of regulatory standards for some of the 

most significant mycotoxins that can be detrimental to human health. Capriotti et al. 
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(2011) revealed many countries have established regulatory guidelines for aflatoxins, 

ochratoxin A, tricothecenes, zearalenone, and fumonisins, but there is difficulty in 

establishing regulation of maximum limits due to the lack of standardized values among 

different nations. Legislation is important for harmonization among both developed and 

developing countries for the health and economy of a nation.  

Summary 

The purpose of this literature review was to analyze the most current literature 

relating to mycotoxins, the Produce Safety Rule, and their implications for food safety, 

food security, economic progress, and human health. I grounded the literature review in 

the TEC approach to the OET. Chapter 3 will present my study’s research design, 

sample, population, and analysis.   
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Chapter 3: Research Method 

Introduction 

Mycotoxins are toxic and carcinogenic secondary metabolites produced from 

fungi that colonize food crops and can occur at any stage of the food chain. The presence 

of mycotoxins in foods is of global concern because of the threat they pose to food safety, 

food security, agriculture, trade, and economics (Lee & Ryu, 2015; Umesha et al, 2017). 

Mycotoxicosis, the disease caused by mycotoxin, is a significant health hazard (Stoev, 

2015; Winter & Pereg, 2019; Womack et al., 2014). Managing mycotoxins presents a 

major challenge to the agri-food industry (Baker et al, 2014). The purpose of this 

quantitative study was to investigate which factors could put farmers’ ability to remain in 

compliance with the Produce Safety Rule at risk of environmental conditions 

(temperature, wind speed, and precipitation) in managing mycotoxins in Illinois between 

2013 and 2018. 

McDavid et al. (2013) described the quantitative method of research as one that 

focuses on measurement and analyzes the relationships among variables. Similarly, 

Creswell (2009) explained that the quantitative research method looks at the general 

scope of the research and utilizes a deductive approach to understand the relationship 

among variables. The quantitative method involves collecting data through surveys or 

administrative records to provide measurement to understand the problem (Berman & 

Wang, 2012). The use of quantitative research requires a strong knowledge of the 

problem, the relationship between variables, and what is being measured. The 

justification for a quantitative research method versus a qualitative research method is 
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based on the differences found in each study and the relevance of the nature of the study. 

Qualitative research is based on making assumptions from interpretation or theoretical 

frameworks to inform a study and give meaning to a social phenomenon (Creswell, 

2013). 

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed, and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018. I used secondary sampling and survey 

data on mycotoxins from the Illinois Department of Agriculture and the NOAA between 

the period of 2013 to 2018. The main objective of the study was to establish the 

significance, if any, of the relationship between compliance with the FSMA’s Produce 

Safety Rule in managing mycotoxins in Illinois between 2013 and 2018 and risk factors 

associated with environmental conditions and toxin levels. In this chapter, I provide 

information on the research design and rationale, population, sampling method and 

sampling procedures, data collection procedures, data analysis plan, research questions 

and hypotheses, and ethical procedures.  

Research Design and Rationale 

I used a quantitative study design and drew upon secondary sampling and survey 

data between the period of 2013 to 2018 from the Illinois Department of Agriculture and 

weather sampling data from the NOAA. The use of secondary data was important for 

saving time and costs (see Berman & Wang, 2012; Frankfort-Nachmias et al., 2015; 

O’Sullivan et al., 2008). The variables in this study included the dependent variable 
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(DV), measuring compliance with the Produce Safety Rule at the level of three toxins 

(aflatoxin, fumonisin and vomitoxin), with the independent variables (IVs) (temperature, 

wind speed, and precipitation). I chose the research questions, research design, and the 

methodology based on the unit of analysis in the research (see Frankfort-Nachmias et al., 

2015). I used the research questions to examine the relationship among the variables and 

chose the research design to help understand the outcomes and answers to the research 

questions (see Berman & Wang, 2012).  

For this quantitative study, mycotoxin contamination in various crops has 

significant implications for feed and food safety. The management of postharvest 

practices to prevent contamination during storage by obtaining low temperature and 

humidity conditions to limit fungal growth is significant for the agri-food industry 

(Alshannaq & Yu, 2017; Bezerra da Rocha et al., 2014; De Saeger et al., 2016). 

Therefore, I designed the following research questions to explain the statistical 

significance, if any, relationship between the dependent variable and the independent 

variables. The purpose of this quantitative study was to investigate which factors could 

put farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed, and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018. 

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

Ha1: There is a relationship between environmental factors and toxin level. 
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RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

Ha2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  

H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

Ha3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

For this study, I used a quantitative research design with three IV’s (temperature, 

precipitation, and wind speed) with the DV toxin level of three toxins (aflatoxin, 

fumonisin, and vomitoxin). The main purpose of the study was to investigate which 

factors could put farmers’ ability to remain in compliance with the Produce Safety Rule at 

risk of environmental conditions (temperature, wind speed, and precipitation) in 

managing mycotoxins in Illinois between 2013 and 2018. 
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Methodology 

Population  

The Midwest is known for its agricultural farmlands. Illinois has 102 counties and 

is the largest producer of corn (USDA, 2016). I examined the weather data for the state of 

Illinois for a pattern of environmental conditions and relevance to the study between 

2013 and 2018. The target population for this study was corn and wheat grown in Illinois 

under the regulatory oversight of the USDA between 2013 and 2018. The information in 

the study came from the secondary data based on mycotoxin surveys and sampling data 

and local climatological data from NOAA between 2013 and 2018. The significance level 

or alpha for this study is 0.05, and the statistical power is 95% or 0.95. 

Sampling and Sampling Procedures 

I based this quantitative study on secondary sampling and survey data that were 

available from the Illinois Department of Agriculture and the NOAA between the years 

2013 and 2018. The aim of sampling is to select from the population and to generalize. 

The sample can be a representative sample. Representative samples allow for 

generalization (see Berman & Wang, 2012). Sampling is about targeting a population for 

a study. Before selecting a sample, it is important to know when the sample is needed, the 

selection, and the size of the sample (see Berman & Wang, 2012). I analyzed the 

secondary data in the study by utilizing IBM’s Statistical Package for the Social Science 

(SPSS) software Version 26.  
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Procedures for Data Collection 

Cereal grains are important agricultural commodities in Illinois. I chose the state 

based on the significant agricultural farmlands scattered over 102 counties. The 

mycotoxin survey data is available and accessible to the public on the Illinois Department 

of Agriculture and the NOAA websites. I received Walden University’s Institutional 

Review Board (IRB) approval on April 8, 2020, to collect the secondary data. The 

Walden University IRB approval number is 04-08-20-0592764. To collect the secondary 

data, I accessed the government agencies’ websites. The sampling data of the Illinois 

Department of Agriculture were accessible via that website. However, to receive the 

same sample data in an Excel format, I submitted a request to the Illinois Department of 

Agriculture’s office. I received the sampling data for wheat and corn collected between 

2013 and 2018 via email. 

Data Analysis Plan 

I analyzed the data using IBM’s Statistical Package for the Social Science (SPSS) 

software Version 26. 

Research Question One and First Hypothesis: 

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

HA1: There is a relationship between environmental factors and toxin level. 

Research Question Two and Second Hypothesis: 
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RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

HA2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

Research Question Three and Third Hypothesis: 

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  

H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

HA3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

Operational Variables 

Environmental conditions: Independent variables (IVs): Temperature, wind speed 

and precipitation.  

Toxicity levels: Dependent variable (DV): Measuring compliance at the level of 

three toxins: Aflatoxin, Fumonisin and Vomitoxin. 
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To investigate which factors could put farmers’ ability to remain in compliance 

with the Produce Safety Rule at risk of environmental conditions (temperature, wind 

speed and precipitation) in managing mycotoxins in Illinois between 2013 and 2018, I 

used the Pearson correlation and linear regression statistical tests. According to (Berman 

& Wang, 2012; Field, 2013) the Pearson correlation measures association or significance 

between two continuous variables but does not assume a causal relationship. Linear 

regression was used to test the significance of the relationship and or the association with 

the predictor variables (IV’s) and the outcome variable (DV) Berman & Wang, 2012; 

Field, 2013). 

Threats to Validity 

Measurement validity means that the variables really measure what the researcher 

says they measure (McDavid et al., 2013). The validity of the measurement can be 

affected based on the validity of the conclusion after the hypothesis was tested 

(Frankfort-Nachmias et al., 2015). To establish validity, the existing instrument should be 

used to draw meaningful inferences from the score of the instrument (Creswell, 2009). 

The validity of the measures should quantify what the researcher purported and intended 

to measure (Berman & Wang, 2012; Creswell, 2009). Reliability has to do with whether a 

measurement result is repeatable, such that the same measurement instrument can repeat 

the same procedures. To ensure reliability is to measure and repeat the measure to 

achieve consistency (McDavid et al., 2013). Reliability refers to the extent to which a 

measuring instrument contains variable errors, meaning errors that appear inconsistent 

between observed measures with the same measurements and procedures (McDavid et 
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al., 2013). Various factors, such as the research subject, observer difference in opinions, 

or the conditions under which the observer made the measurements, can cause the 

instrument of reliability to be poor, or data processing in which data was handled or 

biased (Weiner, 2007). 

I collected the secondary data used for analysis in this study from the Illinois 

Department of Agriculture and the NOAA. Therefore, assessing the reliability and 

validity of the instrument was subject to limitation. The Illinois Department of 

Agriculture and the NOAA are both government agencies. As the sole researcher in this 

study, I do not share any personal bias and did not participate in the data collection 

process. However, I deemed the data collected by these agencies, the Illinois Department 

of Agriculture, and the NOAA, to be accurate.  

Ethical Procedures 

I took ethical procedures as set out by the Institutional Review Board (IRB) into 

consideration. I received Walden’s University Institutional Review Board (IRB) approval 

on April 8, 2020, to collect the secondary data. The Walden Universi              ty IRB 

approval number is 04-08-20-0592764. To collect the secondary data, I accessed the 

government agencies websites of the NOAA and Illinois Department of Agriculture. 

Since the data that I utilized in this study are available to the public on the Illinois 

Department of Agriculture and the NOAA websites, the study did not use participants 

and thus did not violate any participants’ rights. However, to receive the sampling data 

collected between 2013 and 2018 in an Excel format, I submitted a request to the Illinois 

Department of Agriculture’s office. The Illinois Department of Agriculture had 
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previously collected the data, which included county, county code by number, date of 

inspection, and results of mycotoxin detection levels. I obtained consent from the IRB to 

use data from the identified public agencies. 

Summary  

In this chapter, I used a quantitative study to investigate how the IV’s 

(temperature, precipitation, and wind speed) and DV toxin levels (aflatoxin, fumonisin, 

and wind speed) could put farmers’ ability to remain in compliance with the Produce 

Safety Rule at risk in managing mycotoxins in Illinois between 2013 and 2018. This 

quantitative study utilized secondary data obtained from the Illinois Department of 

Agriculture and the NOAA from 2013 to 2018, which was analyzed using Pearson 

correlation and linear regression. I also present in the chapter the research design, 

methodology, population, sample and sampling procedures, data for collection process, 

data analysis plan, threats to validity, and the ethical procedures. In Chapter 4, I will 

discuss the results of the study. 
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Chapter 4: Results 

Introduction 

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed, and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018 for regulatory oversight of the USDA. 

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

Ha1: There is a relationship between environmental factors and toxin level. 

RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

Ha2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  
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H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

Ha3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

This chapter includes discussions of the data collection process, descriptive 

statistics, sample data, data analysis for each research question and hypothesis, testing 

linear assumptions for regression, the Kolmogorov-Smirnov test for normality, 

multicollinearity, and a summary of the findings used in the study. 

Data Collection 

I received Walden University’s Institutional Review Board (IRB) approval on 

April 8, 2020, to collect the secondary data. The Walden University IRB approval 

number is 04-08-20-0592764. To collect the secondary data, I accessed the government 

websites of the NOAA and Illinois Department of Agriculture. The sampling data of the 

Illinois Department of Agriculture were accessible via that website. However, to receive 

the data in an Excel format, I submitted a request to the Illinois Department of 

Agriculture’s office. I received the sampling data collected between 2013 and 2018 for 

wheat and corn. 

I show the results of the research questions and hypotheses with figures and 

tables. I performed the statistical tests using IBM Statistical Package Software for the 

Social Sciences (SPSS) Version 26 and based the tests on a 0.05 significance level (p < 

0.05) and a statistical power of 0.95 or 95%. The figures and tables below present the 

results of each research question and hypothesis in this study. I carefully examined and 



76 

 

matched each data set with the original raw data files. I combined all time points within 

each corn, wheat, and temperature file and reformatted and added date variables. I then 

merged the toxin and weather data to correspond with each other and recorded the 

variables into numerical values. I converted the PDF files to Excel files and then the 

Excel files to IBM SPSS Version 26, first double checking the merged files to ensure the 

integrity of the data before importing them into IBM SPSS Version 26. To answer the 

research questions and hypotheses, I used correlation and linear regression tests for all the 

study variables. 

Results of the Study 

Descriptive Statistics 

The tables below show the descriptive statistics for all the study variables. The 

reported means of the general study variables of the whole sample are shown in Table 1. 

Aflatoxin (AFL) is measured in parts per billion (ppb) (n = 437). For fumonisin (FUM) 

(n =813) and vomitoxin (VOM) (n = 987) and are both measured in parts per million 

(ppm). Table 2 shown for corn, AFL and FUM remain the same and VOM (n = 52). 

Table 3 shown for the wheat, VOM (n = 935). Pearson correlation and linear regression 

were used to investigate the statistical relationship between the dependent variable (DV) 

toxin levels (AFL, FUM and VOM) and the independent variables (IV’s) (temperature, 

precipitation, and wind speed). See Table 1, Table 2, and Table 3.  
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Table 1  

 

Descriptive for Study Variables for Whole Sample  

 

Variable N Min Max Mean Std. Dev Skew Kurtosis 

      Stat Std. 

Error 

Stat Std. 

Error 

AFL (ppb) 437 0.6 367 6.29 22.17 11.33 0.12 165.62 0.23 

FUM (ppm) 813 0.25 36.3 3.04 3.34 3.20 0.09 17.79 0.17 

VOM (ppm)  987 0.29 46.5 4.02 4.34 3.09 0.08 16.72 0.16 

Temp 4020 42 95 76.29 10.28 -0.73 0.04 0.34 0.08 

Precip 3831 0 29 0.98 4.75 5.76 0.04 31.45 0.08 

Wind 4155 1.7 22.1 9.23 3.71 0.68 0.04 0.19 0.08 

 

Table 2  

 

Descriptive for Study Variables for Corn Only  

 

Variable N Min Max Mean Std. Dev Skew Kurtosis 

      Stat Std. 

Error 

Stat Std. 

Error 

AFL (ppb) 437 0.6 367 6.29 22.17 11.33 0.12 165.62 0.23 

FUM (ppm) 813 0.25 36.3 3.04 3.34 3.20 0.09 17.79 0.17 

VOM (ppm)  52 0.5 3.7 1.39 0.87 0.92 0.33 0.14 0.65 

Temp 2234 42 95 72.04 10.87 -0.35 0.05 -0.27 0.10 

Precip 2151 0 29 1.52 6.27 4.20 0.05 15.67 0.11 

Wind 2320 1.8 22.1 9.30 3.52 0.89 0.05 1.45 0.10 

 

Table 3  

 

Descriptive for Study Variables for Wheat Only  

 

Variable N Min Max Mean Std. Dev Skew Kurtosis 

      Stat Std. 

Error 

Stat Std. 

Error 

AFL (ppb) 0         

FUM (ppm) 0         

VOM (ppm)  935 0.29 46.5 4.17 4.41 3.03 0.08 16.14 0.16 

Temp 1786 68 95 81.59 6.29 -0.05 0.06 -1.03 0.12 

Precip 1680 0 2 0.28 0.43 2.28 0.06 6.02 0.12 

Wind  1835 1.7 15.8 9.14 3.93 0.51 0.06 -0.92 0.11 
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Assumption of Linear Relationship Between Variables 

After carefully examining the datasets and merging each data file, I used Pearson 

correlation and linear regression tests to analyze the research questions and hypotheses. 

The Pearson correlation depicts the measure of association between the continuous 

variables to test the significance and strength of the relationship through linear regression 

(Berman & Wang, 2012). The linear regression was used to test for the linear relationship 

assumption between the study variables (temperature, precipitation, and wind speed) and 

toxin levels of AFL, FUM and VOM.  

I used linear regression to test for the linear relationship between maximum 

temperature, precipitation shown here as the total liquid content (TLC), and wind speed 

and AFL, FUM, and VOM. The toxin levels of AFL, FUM, and VOM show there was 

not strong evidence for a linear relationship between maximum temperature, TLC, and 

wind speed. The examination of the scatterplots revealed there is not strong evidence for 

a linear relationship between toxin level AFL, FUM and VOM and any of the 

environmental factors (temperature, TLC, and wind speed). (see Appendix B), (see 

Appendix C) and (see Appendix D). The plots are close to zero, which means that there is 

compliance for the Produce Safety Rule.  

Assumption of Normality 

I used a Kolmogorov-Smirnov test for all continuous variables to test for the 

normality assumption of linear regression. I conducted a Kolmogorov-Smirnov goodness 

of fit test for all continuous variables to test for the normality assumption of linear 

regression. The two tests used for normality are the Kolmogorov-Smirnov test with more 
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than 50 observations and the Shapiro-Wilks test for samples with up to 50 observations 

(Berman & Wang, 2012). A Kolmogorov-Smirnov test is a nonparametric test applied for 

making the comparison with a normal distribution (Green & Salkind, 2014). A significant 

test indicates that the distribution is meaningfully different from a normal distribution 

(Green & Salkind, 2014). A combined visual and statistical test is always used to 

determine normality of variables. A nonsignificant test (p>.05) tells me that the 

distribution of the sample is not significantly different from a normal distribution (Field, 

2013). 

I used the Kolmogorov-Smirnov test for normality (see Figure F1) and  

 

histograms (see Appendix E. The Kolmogorov-Smirnov statistic takes on a value of 0.44 

for AFL. The p value is .001, p < .001, which is less than 0.05. Therefore, there is 

significant evidence to reject the null hypothesis that the variable AFL is not normally 

distributed. For FUM, the Kolmogorov-Smirnov statistic takes on a value of 0.20. The p 

value is .001, p < .001, which is less than 0.05. Therefore, there is significant evidence to 

reject the null hypothesis that the variable FUM is not normally distributed. For VOM, 

the Kolmogorov-Smirnov statistic takes on a value of 0.20. The p value is .001, p < .001, 

which is less than 0.05. Therefore, there is significant evidence to reject the null 

hypothesis that the variable VOM is not normally distributed. 

For temperature, the Kolmogorov-Smirnov statistic takes on a value of 0.10. The 

p value is .001, p < .001, which is less than 0.05. Therefore, there is significant evidence 

to reject the null hypothesis that the variable temperature is not normally distributed. For 

precipitation, the Kolmogorov-Smirnov statistic takes on a value of 0.43. The p value is 
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.001, p < .001, which is less than 0.05. Therefore, there is significant evidence to reject 

the null hypothesis that the variable precipitation is not normally distributed. For wind, 

the Kolmogorov-Smirnov statistic takes on a value of 0.08. The p value is .001, p < .01, 

which is less than 0.05. Therefore, there is significant evidence to reject the null 

hypotheses that the variable aflatoxin is not normally distributed. 

Multicollinearity  

To test for the assumption of no multicollinearity for linear regression, I examined 

tolerance and the variance inflation factor (VIF). The VIF indicates whether a predictor 

variable has a strong linear relationship with the other predictors. The tolerance statistic is 

reciprocal of the variance inflation factor (1/VIF). The assumption of no multicollinearity 

was met for the VIF. 

First Hypothesis 

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

Ha1: There is a relationship between environmental factors and toxin level. 

For research question one, I conducted a Pearson correlation between all three 

environmental factors (temperature, precipitation, and wind) and all three toxins (AFL, 

FUM, and VOM). There was a significant negative relationship between FUM and 

maximum temperature, such that higher maximum temperatures predicted lower levels of 

FUM (r = -.11, p < .01). There was a marginal negative relationship between FUM and 

wind, such that higher levels of wind predicted lower levels of FUM (r = -.07, p = .05). 
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There was also a negative relationship between VOM and precipitation, such that more 

precipitation predicted lower levels of vomitoxin (r = -.07, p < .05). The results in Table 

4 show that none of the other toxins were related to the environmental factors. As such, 

the null hypothesis is rejected; there is no significant relationship between environmental 

factors and toxin level. 

Table 4  

 

Pearson Correlation Analysis Results  

 

Variable  AFL FUM VOM Temp Precip Wind 

AFL Pearson 

Correlation 1 0.08 .a 0.02 0 0.06 

 Sig  0.23 . 0.75 0.96 0.25 

 N 437 228 1 423 408 426 

FUM Pearson 

Correlation 0.08 1 -0.54 -.11** 0 -0.07 

 Sig 0.23  0.34 0 0.96 0.05 

 N 228 813 5 771 765 797 

VOM Pearson 

Correlation .a -0.54 1 0.01 -.07* -0.01 

 Sig . 0.34  0.76 0.04 0.7 

 N 1 5 987 964 864 987 

Temp Pearson 

Correlation 0.02 -.11** 0.01 1 0.03 -.17** 

 Sig 0.75 0 0.76  0.08 0 

 N 423 771 964 4020 3741 4020 

Precip Pearson 

Correlation 0 0 -.07* 0.03 1 -.12** 

 Sig 0.96 0.96 0.04 0.08  0 

 N 408 765 864 3741 3831 3831 

Wind Pearson 

Correlation 0.06 -0.07 -0.01 -.17** -.12** 1 

 Sig 0.25 0.05 0.7 0 0  

 N 426 797 987 4020 3831 4155 
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Second Hypothesis 

RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

HA2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

For research question two, I conducted a linear regression to predict AFL, FUM, 

and VOM levels from all three environmental factors (temperature, precipitation, and 

wind speed). For AFL, the results in Table 5 show that the overall model was not 

significant (F(3, 402) = .60, p > .05). The model accounted for less than 1% of the 

variance in AFL (Adj. R2 < .001). There were no main effects of any of the three 

environmental factors. As such the null hypothesis is accepted; there is no relationship 

between any of the three environmental factors (temperature, precipitation, and wind 

speed) and toxin level while controlling for the effects of each of the other environmental 

factors. 
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Table 5  

 

Parameter Estimates from Linear Regression Predicting AFL from Environmental 

Factors  

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant -4.88 8.16 -0.60 0.55   

Temp 0.12 0.09 1.31 0.19 0.96 1.05 

Precip -0.01 0.72 -0.01 0.99 1.00 1.00 

Wind 0.19 0.33 0.57 0.57 0.96 1.04 

 

For FUM level, I conducted a linear regression predicting from all three 

environmental factors (temperature, precipitation, and wind speed). The overall model 

was significant (F(3, 740) = 4.57, p < .01). The model accounted for 1% of the variance 

in FUM (Adj. R2 = .01). There was a main effect of max temperature, such that a one unit 

increase in max temperature predicted a .04 decrease in FUM levels, while holding 

precipitation and wind speed constant (B = -.04, SE = .01, t = -3.49, p = .001). See Table 

6. 

Table 6  

 

Parameter Estimates from Linear Regression Predicting FUM from Environmental 

Factors 

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant 6.44 0.92 7.02 0.000   

Temp -0.04 0.01 -3.49 0.001 0.98 1.03 

Precip 0.00 0.03 -0.15 0.88 0.96 1.05 

Wind -0.06 0.04 -1.67 0.10 0.95 1.06 

 

To predict VOM level from all three environmental factors (temperature, 

precipitation, and wind speed). The overall model was not significant (F(3, 847) = 1.37, p 

> .05). The model accounted for less than 1% of the variance in VOM (Adj. R2 = .001). 
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There was a marginally significant main effect of precipitation, such that a one unit 

increase in max temperature predicted a directional .08 decrease in VOM levels, while 

holding temperature and wind speed constant (B = -.08, SE = .04, t = -2.01, p = .05). See 

Table 7.  

Table 7  

 

Parameter Estimates from Linear Regression Predicting VOM from Environmental 

Factors 

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant 4.06 2.14 1.90 0.06   

Temp 0.00 0.02 0.05 0.96 0.83 1.20 

Precip -0.08 0.04 -2.01 0.05 0.98 1.02 

Wind -0.01 0.04 -0.21 0.83 0.83 1.21 

 

Third Hypothesis 

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  

H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

HA3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

For research question three, I performed a linear regression predicting AFL, 

FUM, and VOM levels from all three environmental factors (temperature, precipitation, 

and wind speed) and their interaction terms. For AFL, the overall model was not 

significant (F(6, 399) = .51, p > .05). The model accounted for less than 1% of the 

variance in AFL (Adj. R2 < .001). There were no main effects or interactions of any of the 

three environmental factors (see Table 8). As such, the null hypothesis is accepted. 
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Table 8  

 

Parameter Estimates from Linear Regression Predicting AFL from Environmental 

Factors and Interactions  

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant 8.15 23.12 0.35 0.73   

Temp -0.05 0.31 -0.15 0.88 0.09 11.58 

Precip 15.99 26.19 0.61 0.54 0.00 1330.21 

Wind -1.36 2.34 -0.58 0.56 0.02 52.01 

Temp*Precip -0.28 0.32 -0.86 0.39 0.00 1077.15 

Wind*Precip 0.41 1.08 0.38 0.71 0.00 234.02 

Temp*Wind 0.02 0.03 0.65 0.52 0.02 53.59 

 

For FUM level, I conducted a linear regression from all three environmental 

factors (temperature, precipitation, and wind speed) and their interactions. The overall 

model was significant (F(6, 737) = 2.43, p < .05). The model accounted for 1% of the 

variance in FUM (Adj. R2 = .01). There was a main effect of max temperature, such that a 

one unit increase in max temperature predicted a .04 decrease in FUM levels, while 

holding precipitation and wind speed constant (B = -.04, SE = .01, t = -3.49, p = .001). 

See Table 9.  

Table 9  

 

Parameter Estimates from Linear Regression Predicting FUM from Environmental 

Factors and Interactions 

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant 4.40 2.51 1.75 0.08   

Temp -0.01 0.03 -0.31 0.76 0.10 9.80 

Precip 0.27 0.75 0.36 0.72 0.00 898.13 

Wind 0.14 0.24 0.59 0.56 0.02 43.18 

Temp*Precip 0.00 0.01 -0.36 0.72 0.00 724.54 

Wind*Precip -0.01 0.02 -0.37 0.71 0.06 17.58 

Temp*Wind 0.00 0.00 -0.86 0.39 0.02 46.70 
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I conducted a linear regression predicting VOM level from all three 

environmental factors (temperature, precipitation, and wind speed) and their interactions. 

The overall model was not significant (F(6, 844) = 2.17, p < .05). The model accounted 

for 1% of the variance in VOM (Adj. R2 = .01). There was a significant main effect of 

wind, such that a one unit increase in wind predicted a 1.81 increase in VOM levels, 

while holding temperature and wind speed constant (B = 1.81, SE = .63, t = 2.89, p < 

.01). See Table 10.  

Table 10 

 

Parameter Estimates from Linear Regression Predicting VOM from Environmental 

Factors and Interactions  

 

 Unstandardized B Std. Error t p Tolerance VIF 

Constant 4.40 2.51 1.75 0.08   

Temp -0.01 0.03 -0.31 0.76 0.10 9.80 

Precip 0.27 0.75 0.36 0.72 0.00 898.13 

Wind 0.14 0.24 0.59 0.56 0.02 43.18 

Temp*Precip 0.00 0.01 -0.36 0.72 0.00 724.54 

Wind*Precip -0.01 0.02 -0.37 0.71 0.06 17.58 

Temp*Wind 0.00 0.00 -0.86 0.39 0.02 46.70 

 

There was also an interaction between temperature and wind (B = -.02, SE = .01, t 

= 2.92, p < .01). For that one standard deviation above average on temperature, there was 

a significant effect of wind, such that a one increase in wind predicted a significant 

decrease in VOM levels by .25 (B = -.26, SE = .09, p = .01). See Figure G1). For that one 

standard deviation below average on temperature, there was a significant effect of wind, 

such that a one increase in wind predicted a significant increase in VOM levels by .24 (B 

= .24, SE = .10, p < .05). For that one standard deviation with an average level of 

temperature, there was no effect of wind on VOM levels (B = -.01, SE = .04, p > .05). 
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Summary 

I tested the hypotheses using Pearson correlation and linear regression. The 

independent variables (IVs) were (temperature, precipitation, and wind speed) and 

dependent variable (DV) was the toxin level of (AFL, FUM and VOM). All variables 

showed some evidence of not being normally distributed with the Kolmogorov-Smirnov 

test. For the assumption of no multicollinearity, I examined the tolerance and the VIF for 

linear regression. All tolerance scores were above 0.1, and all VIF scores were below 10. 

Therefore, there was no multicollinearity between the variables in the linear regression 

results for collinearity diagnostics for tolerance. The assumption was met for VIF for 

linear regression. 

For the first hypothesis, I conducted a Pearson correlation between all three 

environmental factors (temperature, precipitation, wind) and all three toxins (AFL, FUM, 

and VOM) that showed a marginal negative relationship between FUM and wind, such 

that higher levels of wind predicted lower levels of FUM. There was also a negative 

relationship between VOM and precipitation, such that more precipitation predicted 

lower levels of VOM. For the second hypothesis, I conducted a linear regression to 

predict AFL level from all three environmental factors (temperature, precipitation, and 

wind speed). None of the other toxins were related to environmental factors. For the third 

hypothesis, I conducted a linear regression predicting AFL, FUM, and VOM levels from 

all three environmental factors (temperature, precipitation, and wind speed) and their 

interaction terms. For AFL, the overall model was not significant (F(6, 399) = .51, p > 

.05). The model accounted for less than 1% of the variance in AFL (Adj. R2 < .001). 
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There were no main effects or interactions of any of the three environmental factors. In 

Chapter 5, I will discuss the interpretation of the findings, limitations of the study, 

recommendations for future research, and implications for positive social change.  
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Chapter 5: Discussions, Conclusions, and Recommendations  

Introduction 

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed, and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018 for regulatory oversight of the USDA. I 

posed three research questions for this dissertation:  

RQ1: Is there a relationship between environmental factors (temperature, 

precipitation, and wind speed) and toxin level? 

H01: There is no relationship between environmental factors and toxin level.  

Ha1: There is a relationship between environmental factors and toxin level. 

RQ2: Is there a relationship between each of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for the 

effects of each of the other environmental factors?  

H02: There is no relationship between any of the three environmental factors 

(temperature, precipitation, and wind speed) and toxin level while controlling for 

the effects of each of the other environmental factors. 

Ha2: There is a relationship between at least one of the three environmental 

factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

RQ3: Do the effects of environmental factors (temperature, precipitation, and 

wind speed) on compliance depend on the effects of the other environmental factors?  
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H03: There is no moderating effect of environmental factors on the relationship 

between environmental factors and compliance.  

Ha3: There is a moderating effect of at least one environmental factor on the 

relationship between another environmental factor and compliance. 

For this study, I used secondary sampling data to answer the research questions. 

The Illinois Department of Agriculture and the NOAA collected the data between 2013 

and 2018. The data were comprised of wheat and corn sampling data and environmental 

conditions that included wind, temperature, and precipitation. I conducted linear 

regressions and Pearson correlation in my analyses of the statistical relationship between 

environmental factors (temperature, precipitation, and wind speed) and toxin level (AFL, 

FUM, and VOM).  

Interpretations of the Findings 

RQ1 

I designed this research question to investigate the relationship between 

environmental factors (temperature, precipitation, and wind speed) and toxin level. I 

conducted a Pearson correlation between all three environmental factors (temperature, 

precipitation, and wind) and all three toxins (AFL, FUM, and VOM). There was a 

significant negative relationship between FUM and maximum temperature, such that 

higher maximum temperatures predicted lower levels of FUM (r = -.11, p < .01). There 

was a marginal negative relationship between FUM and wind, such that higher levels of 

wind predicted lower levels of FUM (r = -.07, p = .05). There was also a negative 

relationship between VOM and precipitation, such that more precipitation predicted 
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lower levels of VOM (r = -.07, p < .05). The results showed that none of the toxins were 

related to any of the other environmental factors. As such, the interpretation of the 

findings revealed there was a marginal negative significant relationship between 

environmental factors and toxin level. 

RQ2 

I designed this research question to investigate the relationship between each of 

the three environmental factors (temperature, precipitation, and wind speed) and toxin 

level (AFL, FUM, and VOM) while controlling for the effects of each of the other 

environmental factors. I conducted a linear regression to predict AFL level from all three 

environmental factors (temperature, precipitation, and wind speed). None of the other 

toxins were related to environmental factors. I conducted a linear regression to predict 

AFL, FUM, and VOM levels from all three environmental factors (temperature, 

precipitation, and wind speed). For AFL, the overall model was not significant F(3, 402) 

= .60, p > .05). The model accounted for less than 1% of the variance in AFL (Adj. R2 < 

.001). There were no main effects of any of the three environmental factors. As such, the 

interpretation of the findings showed there was no relationship between any of the three 

environmental factors (temperature, precipitation, and wind speed) and toxin level while 

controlling for the effects of each of the other environmental factors.  

RQ3 

I designed this research question to investigate if the effects of environmental 

factors (temperature, precipitation, and wind speed) on compliance depend on the effects 

of the other environmental factors. I used a linear regression to predict AFL, FUM, and 
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VOM levels from all three environmental factors (temperature, precipitation, and wind 

speed) and their interaction terms. For AFL, the overall model was not significant (F(6, 

399) = .51, p > .05). The model accounted for less than 1% of the variance in AFL (Adj. 

R2 < .001). There were no main effects or interactions of any of the three environmental 

factors. 

Limitations of the Study 

There were many limitations of this study. The lack of sufficient mycotoxin data 

in the United States were not available or accessible to make comparisons. The use of 

secondary data has limitations and only the variables in the data were used in the 

analysis. While there was a large sample size on toxin levels, the dependent variable 

(DV) and environmental conditions, the independent variables (IV’s) temperature, 

precipitation, and wind speed, to make assumptions, the data was limited to the secondary 

sampling data collected from the Illinois Department of Agriculture and NOAA. The 

methodology used correlation which did not necessarily established a causal relationship 

among the variables used in this study but were used to make inferences and 

generalizations. 

Illinois is one of the only states that produces mycotoxin survey data on grain 

crops every year (Mitchell et al., 2017). Currently there is a lack of publicly available 

state by state data (Mitchell et al., 2017). Also, another limitation to the study, was the 

use of secondary mycotoxin data which may lack reliability and accuracy. The data were 

collected by the Illinois Department of Agriculture and the NOAA for the state of Illinois 

and not me. Toxin levels may vary and may not adequately describe the relationship, or 
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lack thereof, with the independent variables. The data was limited to 2013 to 2018 and 

did not contain any information on the Produce Safety Rule, which focuses on growing, 

harvesting, packing, and holding of fresh fruits and vegetables. The Produce Safety Rule 

became effective in January 2016 (Adalja & Lichtenberg, 2018).  

Recommendations for Future Research 

There are several recommendations that can be made for future research based on 

the limitations of this study. Mycotoxins produced by fungi can affect food and 

agricultural crops, which can cause economic burdens for farmers. There was limited 

research on the effects of environmental factors, such as temperature, precipitation, and 

wind speed, and the Produce Safety Rule. Mitchell et al. (2017) estimated that aflatoxin 

contamination could cause losses to the corn industry ranging from 52.1 million dollars to 

1.68 billion dollars in the United States annually, taking into consideration losses caused 

by mycotoxins that are above the FDA recommended action levels and challenges of 

climatic change.  

To date there is limited public data on mycotoxins in the United States. There is 

limited public information on mycotoxins and the Produce Safety Rule. In addition to the 

state of Illinois, other states could develop similar database or a national database on 

mycotoxins and make it accessible to the public. While there is a national survey on fruits 

and vegetables, there is none on grain crops and the Produce Safety Rule could be 

expanded to grain crops.  I would also recommend a national strategy for food safety 

management and make public awareness and information on mycotoxins.  
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Social Change Implications 

I designed this study to investigate which factors could put farmers’ ability to 

remain in compliance with the Produce Safety Rule at risk of environmental conditions 

(temperature, wind speed and precipitation) and toxin level (AFL, FUM, and VOM) in 

managing mycotoxins in Illinois between 2013 and 2018. The significance of the study 

was to look at the policy implication of the Produce Safety Rule for food safety. Food 

safety regulations are always changing for policymakers, food industry and consumers. 

This study contributes to the public awareness on mycotoxins and the implications for 

public health and policy making. The study contributes to positive social change that may 

bolster food safety regulations on mycotoxins and therefore, protecting public health.  

Conclusion 

The purpose of this quantitative study was to investigate which factors could put 

farmers’ ability to remain in compliance with the Produce Safety Rule at risk of 

environmental conditions (temperature, wind speed and precipitation) in managing 

mycotoxins in Illinois between 2013 and 2018. I posed three research questions to 

explore this topic. I collected secondary sampling data from the Illinois Department of 

Agriculture and NOAA. Linear regressions and Pearson correlations were used to analyze 

the statistical relationship between IV’s (temperature, precipitation, and wind speed) and 

the DV toxin level (AFL, FUM, and VOM). The results of the findings showed there 

were no main effects of any of the three environmental factors (temperature, 

precipitation, and wind speed) and toxin level.  The results also show there was a 

marginal negative significant relationship between environmental factors and toxin level. 
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The results were not consistent with the findings in the literature. The findings in the 

literature indicate that an action level of mycotoxin that is above the FDA regulations is 

problematic to public health. The transaction cost economics theory was used. Food 

safety management is a regulating environment that needs various actors at the food 

chain. 
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Appendix A: Nomenclature 

 

AFL  Aflatoxins 

APHA  American Public Health Association 

CDC   Center for Disease Control 

CFR  Code of Federal Regulation 

CODEX  Codex Alimentarius 

DON  Deoxynivalenol 

EC  European Commission 

EU   European Union 

FAO   Food and Agriculture Organization 

FDA   Food and Drug Administration 

FHB  Fusarium Head Blight 

FUM  Fumonisins 

FSIS   Food safety and Inspection Service 

FSMA  Food Safety Modernization Act 

FSMS  Food Safety Management Systems 

FSO   Food Safety Objectives 

GAP  Good Agricultural Practices 

HACCP  Hazard Analysis Critical Control Point 

IARC  International Agency for Research on Cancer 

IFPRI  International Food Policy Research Institute 
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JECFA  Joint FAO/WHO Expert Committee on Food Additives 

NEHA  National Environmental Association 

NOAA  National Oceanic and Atmospheric Administration 

OTA   Ochratoxins 

PPB:   Parts per billion 

PPM:   Parts per million 

RASFF Rapid Alert System Food and Feed 

TLC   Total Liquid Content 

TRC   Tricothecenes 

USDA  United States Department of Agriculture 

VOM  Vomitoxin 

WFP  World Food Programme 

WHO   World Health Organization 

ZN   Zearalenone 
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Appendix B: Testing Assumption for Linear Regression 

 

Figure B1  

 

Scatterplot Relationship Between Maximum Temperature and AFL 

 

 
Figure B2  

 

Scatterplot Relationship Between Total Liquid Content (TLC) and AFL 
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Figure B3  

 

Scatterplot Relationship Between Wind and AFL 
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Appendix C: Testing Assumption for Linear Regression 

Figure C1  

 

Scatterplot Relationship Between Maximum Temperature and FUM 

 

 
 

Figure C2  

 

Scatterplot Relationship Between TLC and FUM  
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Figure C3  

 

Scatterplot Relationship Between Wind and FUM 
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Appendix D: Testing Assumption for Linear Regression 

 

Figure D1  

 

Scatterplot Relationship Between Maximum Temperature and VOM 

 

 
 

Figure D2  

 

Scatterplot Relationship Between TLC and VOM 
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Figure D3  

 

Scatterplot Relationship Between Wind and VOM 
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Appendix E: Testing Assumption for Linear Regression 

Figure E1  

 

Histogram Test for Normality Between Frequency and AFL 

 

 
Figure E2  

 

Histogram Test for Normality Between Frequency and FUM 
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Figure E3  

 

Histogram Test for Normality Between Frequency and VOM 

 

Figure E4  

 

Histogram Test for Normality Between Frequency and Maximum Temperature 

 



135 

 

Figure E5  

 

Histogram Test for Normality Between Frequency and TLC 

 

 
Figure E6  

 

Histogram Test for Normality Between Frequency and Wind 
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Appendix F: Testing Normality Assumption for Linear Regression 

 

Table F1  

 

Kolmogorov-Smirnov Test Results 

  

Variable Kolmogorov-Smirnov p-value 

AFL .44 <.001 

FUM .20 <.001 

VOM .20 <.001 

Temp .10 <.001 

Precip .43 <.001 

Wind .08 <.01 
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Appendix G: Effect of Wind by 1 Standard Deviation Above, Below, and Average Levels 

of Temperature on VOM Levels 

 

Figure G1  

 

Effect of Wind by 1 Standard Deviation Above, Below, and Average Levels of 

Temperature on VOM Levels 
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Appendix H: Major Mycotoxins US and EU Limits of Food and Animal Feed Levels 

Table H1  

 

Major mycotoxins US and EU limits of food and animal feed levels 

 

Mycotoxin  Fungal Species Food Commodity US FDA 

(µg/kg) 

EU (EC 2006) 

(µg/kg) 

Aflatoxins B1, B2, 

G1, G2 

Aspergillus flavus 

Aspergillus parasiticus 

Maize, wheat, rice, 

peanut, sorghum, 

pistachio, almond, 

ground nuts, tree 

nuts, figs, 

cottonseed, spices 

20 for total 2-12 for B1 

4-15 for total 

Aflatoxin M1 Metabolite of aflatoxin 

B1 

Milk, milk products 0.5 0.05 in milk 

0.025 in infant 

formulae and 

infant milk 

Ochratoxin A Aspergillus ochraceus 

Penicillium verrucosum 

Aspergillus carbonarius 

Cereals, dried vine 

fruit, wine, grapes, 

coffee, cocoa, 

cheese 

Not set 2-10 

Fumonisins B1, 

B2, B3 

Fusarium verticillioides 

Fusarium proliferatum 

Maize, maize 

products, sorghum, 

asparagus 

2000-4000 200-1000 

Zearalenone Fusarium graminearum 

Fusarium culmorum 

Cereals, cereal 

products, maize, 

wheat, barley 

Not set 20-100 

Deoxynivalenol Fusarium graminearum 

Fusarium culmorum 

Cereals, cereal 

products 

1000 200-50 

Patulin Penicillium expansum Apples, apple juice 

and concentrate 

50 10-50 

Source: Environmental Research and Public research (Alshannaq & Yu, 2017) 
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