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ABSTRACT 

 

FARM-TO-TABLE FOOD SAFETY FOR COLORADO PRODUCE CROPS: A WEB-

BASED APPROACH FOR PROMOTING GOOD AGRICULTURAL AND 

HANDLING PRACTICES 

Fresh fruits and vegetables have been increasingly associated with cases of 

foodborne illness (CDC, 2010; FDA, 1998).  Direct links of these outbreaks to farms 

highlights the need to employ strategies to reduce pathogenic microbial contamination of 

fresh produce at this stage of the food system (Bihn & Gravani, 2006). One approach to 

fresh produce safety on the farm involves participation in voluntary audits based on Good 

Agricultural Practices (GAPs) and Good Handling Practices (GHPs). Currently, only a 

small percentage of Colorado producers employ this strategy.   In response to new 

regulations and guidelines, changing food consumption patterns, and improved market 

access, Colorado producers need to have the flexibility to adopt programs that can help 

them meet the demands of providing a safer food supply (Rejesus, 2009).  In response to 

these issues, Farm to Table Food Safety for Colorado Producers, a series of three web-

based GAPs/GHPs trainings, was developed following the guidelines of FDA, USDA, 

and the National GAPs program. These trainings were implemented and evaluated 

targeting small farm producers of fresh fruits and vegetables based on an initial needs 

assessment to identify potential barriers and drivers for adopting these types of programs. 

In addition, a series of consumer-friendly, down-loadable fact sheets with nutrition, safe 
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food handling, and recommended storage guidelines was developed to help promote ten 

selected Colorado specialty crops: apples, berries, broccoli, leafy greens, melons, 

peaches, peppers, potatoes, squash, and tomatoes.  The approach of developing 

technology-based training modules and educational materials allowed for improved 

accessibility to growers and produce consumers across the state while accommodating 

their variable time schedules and need for convenient, reliable information. Pre and post 

questionnaires were used to measure self-assessed knowledge outcomes along with 

overall course evaluation items. As a result of participating in the webinar series, 

producers, buyers, and Extension professionals indicated they planned to utilize the 

information and resources. Specific topics related to GAPs such as irrigation water 

quality, management of manure and compost, and food safety legislation were of most 

interest to the participants and had the most significant increases (p<0.001) in self-

reported knowledge, pre to post webinar. The course evaluation showed that produce 

buyers, Extension professionals, and other webinar attendees intend to utilize the material 

presented in the webinar series directly or indirectly in their professions, with average 

mean scores on a 5- point Likert scale (1= Very Unlikely and 5= Very Likely), of 4.2, 

4.2, and 3.6,  respectively. Overall, reviewers rated the produce fact sheets with a mean 

score of 4.34 for usefulness (1=Not Useful and 5= Extremely Useful).  Feedback gained 

from the webinar and produce fact sheet evaluations will be a helpful tool in making 

improvements for future web-based on-farm food safety educational materials.  
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CHAPTER I: INTRODUCTION 

Between the farm and the dinner table, there are many opportunities for disease 

causing organisms and other food safety hazards to enter the food supply.  Food safety 

issues can arise at any stage from food production to consumption: on the farm, during 

processing, at the retailer, or in the hands of the consumer. Advances in agronomic, 

processing, packaging, and distribution technologies have enabled the produce industry to 

supply consumers with a wide range of high quality products year round. Some of these 

same technologies, coupled with traditional practices, have also increased the risk for 

foodborne illness (CDC, 1997).  Potential direct and indirect contamination can occur 

through contact with the soil, manure, irrigation water, livestock, packinghouse 

equipment, transportation vehicles, and workers who handle fruits and vegetables 

anywhere along the supply chain (Bihn & Gravani, 2006). In order to ensure the road 

food follows from farm to fork is safe, every link must share the responsibility of 

maintaining an unbroken chain of safe practices. Nearly all food, including meat, dairy, 

and produce comes from farms; therefore, farm practices serve a critical role in their 

microbial safety. Keeping foods safe until they leave the farm poses a number of 

challenges to growers and producers ranging from broad fundamental problems such as 

failure to implement a systematic approach to food safety to more specific issues such as 

irrigation water contamination (Buckley & Reid, 2010). Through applied research, 

continued and increased diligence on behalf of growers and shippers, and improved 

oversight, farm to table food safety can be strengthened.  
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CHAPTER II: REVIEW OF LITERATURE 

 Foodborne illness outbreaks, traced to a variety of different foods, have been 

documented worldwide. Contamination by microbial pathogens ultimately occurs from 

external environmental sources anywhere between the farm and the consumers‘ plate. 

Microbial food safety should be a part of any comprehensive management plan for 

growers, specialty crop producers, harvest workers, distribution handlers, direct 

marketers, and fresh cut processors. This diversity of environments, agricultural 

management, and handling practices makes a single approach to food safety unrealistic; 

instead, focus should be placed on promoting a more integrated food safety culture 

among producers of fresh fruits and vegetables.  

 Fresh Produce and Foodborne Illness Outbreaks 

Outbreak Statistics and Economic Impact 

The Centers for Disease Control and Prevention (CDC) estimates that foodborne 

pathogens cause 48 million illnesses, 128,000 hospitalizations, and 3,000 deaths in the 

United States each year (Scallan et al., 2011). Fresh fruits and vegetables have been 

increasingly linked to cases of foodborne illness in the past decade (CDC, 2010). A 

foodborne disease outbreak is defined as the occurrence of two or more similar illnesses 

resulting from ingestion of a common food. State, local, and territorial health departments 

use a standard, Internet-based form to voluntarily submit reports of foodborne outbreaks 

to the Foodborne Disease Outbreak Surveillance System (Batz et al., 2005). The best 



3 

 

available measure of the health-related cost of foodborne illness in the United States  is 

approximately $152 billion, of which $39 billion can be attributed to produce-related 

outbreaks (Scharff, 2010). This estimate includes the long-term health outcomes 

associated with acute foodborne illness as well as the impact to others in society.  These 

costs include medical expenses paid by insurance companies, but excludes costs to 

industry such as recalls or lawsuits. Approximately 12.3 percent of all foodborne 

outbreaks from 1990 to 2007 were associated with produce (Alliance for Food and 

Farming, 2010). The majority of foodborne illness outbreaks, nearly 65%, are associated 

with produce contaminated after leaving the farm is primarily due to mishandling at the 

food service level.  While not traditionally associated with transmission of foodborne 

disease twenty years ago,  fresh fruits and vegetables have been considered a vehicle for 

human disease, harboring bacteria, pathogens, protozoa, and fungi (Beuchat, 1996; 

Crutchfield & Roberts, 2000). The sporadic occurrence of contaminated fresh produce 

typically results from external environmental sources, from the time of production to 

food processing and preparation. 

The United States Food and Drug Administration (FDA) and the CDC have 

reported high-profile outbreaks involving the microbial contamination of  tomatoes 

(FDA, 2006), peppers (FDA, 2008b), leafy greens (FDA, 2005), melons (FDA, 2008a), 

and raspberries (CDC, 1997), to name a few, which have greatly impacted the produce 

industry.  Between 1996 and 2007, there were 72 reported outbreaks of foodborne illness 

associated with roughly 20 fresh produce commodities, both domestic and imported 

(CDC, 2010). Of this total, repeated outbreaks were associated with specific fruits and 

vegetables, including but not limited to: tomatoes (13), melons (11), and leafy greens 
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such as lettuce and spinach (24). As illustrated by the aforementioned examples, a wide 

range of fresh fruits and vegetables, as well as unpasteurized fruit juices, have been 

implicated in outbreaks and infections (Beuchat, 2002). Selected examples of outbreaks 

of human infections and intoxications that have been associated with fresh produce are 

found in Table 2.1.  

Table 2.1: Examples of outbreaks of human infections and intoxications 

epidemiologically associated with fresh fruits and vegetables and unpasteurized products 

(Beuchat, 2004). 

  

Human Pathogen Produce 

Bacillus cereus Soybean sprouts, mustard sprouts, cress sprouts 

Campylbacter jejuni Lettuce, salad 

Clostridium botulinum Cabbage, salad, chopped garlic in oil 

Clostridium perfringens Salad 

Escherichia coli O157:H7 Alfalfa sprouts, apple cider, cantaloupes, coleslaw, 

fruit salad, lettuce, radish sprouts 

Escherichia coli 

(enterotoxigenic) Shredded carrots, orange juice 

Listeria monocytogenes Cabbage, celery, lettuce, tomatoes 

Salmonella 

Alfalfa sprouts, apple juice, cantaloupes, fruit salad, 

lettuce, mamey, mung bean sprouts, orange juice, 

tomatoes, watermelon 

Shigella flexneri Fruit salad, green onions 

Shigella sonnei Lettuce, parsley, scallions, watermelon 

Vibrio chloerae Cabbage, coconut milk, raw vegetables 

Yersinia enterocolitica Bean sprouts 

Cyclospora cayetanensis 

Basil, blackberries, lettuce, raspberries, raw 

vegetables 

Cryptosporidium parvum Apple cider, green onions, raw vegetables 

Giardia lamblia Lettuce, onions, tomatoes 

Calcivirus Raspberries (frozen), salad 

Hepatitis A Lettuce, raspberries (frozen), strawberries (frozen), 

tomatoes, water cress 

Norwalk Celery, coleslaw, fruit salad, green salad, melon 
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Contributing Factors to Produce Related Outbreaks 

A myriad of factors may contribute to the increasing number of produce related 

outbreaks documented within the past decade. Coinciding with the increasing number of 

foodborne outbreaks, current nutrition recommendations for consumers promote 

consumption of fruits and vegetables as part of a balanced diet (Powell et. al, 2004). 

Recent data indicate the availability of fresh fruits has increased 26% and fresh 

vegetables 29% between 1970 and 2005 (USDA, 2007). The increased consumption of 

fresh produce also poses a unique food safety risk. Fruit and vegetables are often 

consumed raw and do not include a cooking step that would otherwise kill harmful 

pathogens (Bazzano, 2006; Scott et al., 2009). Instead, the pathogen load on fresh 

produce must be controlled or reduced by proper storage, adequate washing, and 

avoidance of cross-contamination (Burnett & Beuchat, 2001).  Perpetuating the issue of 

proper handling and washing of fresh produce to remove pathogens, certain types of 

fruits and vegetables are more susceptible to harboring disease-causing organisms.  

Differences in surface morphology and metabolic processes of the leaves, stems, 

and roots of fruits and vegetables provide a wide range of environments for harmful 

microorganisms to thrive. Normally, the exterior of a fruit or vegetable will serve as a 

physical barrier against bacteria penetrating into the interior. The surface of most produce 

items are complex, for example the convoluted nature of a lettuce leaf, therefore making 

it very difficult to clean. However, once the integrity of the surface is broken, such as 

bruises or cuts that may result from  improper handling, bacterial growth can be rapid 

(NACMCF, 1995). Treatment of postharvest produce with sanitizers is effective in 

reducing populations of pathogenic organisms; however, total destruction of the 
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population cannot be achieved without affecting the sensory quality (Beuchat, 2006). In 

organic farming systems, the use of sanitizers and other chemical microbial control 

methods are limited (Plotto & Narciso, 2006). Prevention of contamination is preferred 

over methods of treatment, such as chlorinated water baths, to remove harmful 

microorganisms (Zhang et. al, 2009a). 

Technological advances in the production, processing, and distribution methods 

have vastly improved the quality, shelf-life, and availability of fresh produce to 

consumers worldwide (Bazzano, 2006). Unfortunately, advances  in technology and 

handling methods  can lead to unanticipated changes in the microbial ecology of food 

items, allowing for the emergence of new pathogens or higher incidence of known 

pathogens (Burnett & Beuchat, 2001). Bacteria such as Yersinia entercolitica, Listeria 

monocytogenes, and E. coli O157:H7 are capable of growing slowly at refrigeration 

temperatures (Beuchat, 2002). In addition, E. coli O157:H7 and Salmonella enteritidis 

can cause serious human illness when only a few cells are ingested. These adaptive 

responses and genetic changes by microorganisms pose serious challenges to scientists 

who are devoted to devising better methods for their detection and control in the food 

system (Rangarajan et al., 2000).  

Preventative Guidelines and Recommendations 

In the mid-1990s, microbial contamination of both domestic and imported 

produce shifted the focus of the food industry from microbial testing of foods  to the 

prevention of contamination at the grower and shipper level (Tauxe, 1997). In response to 

the growing concern about the safety of the food supply, the FDA, CDC, United States 

Department of Agriculture (USDA), local and state governments, retailers, and growers 
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began working  together to keep unsafe food off the market while focusing on 

preventative measures for reducing the risk of contamination. A single approach to food 

safety is unrealistic; therefore, key guiding principles have been outlined for prevention 

of contamination, cross contamination, and reduction of pathogen survival  (University of 

California, 2010).   

Voluntary guidelines such as the FDA‘s Guide to Minimize Food Safety Hazards 

in Fruits and Vegetables (FDA, 1998), Good Agricultural Practices (GAPs) (GAPsNET, 

2009), and Hazard Analysis Critical Control Points (HACCP) (FDA, 2009) provide 

recommendations to growers and food processors on how to reduce foodborne outbreaks. 

While these recommendations may help reduce the risk of microbial contamination, they 

cannot completely eliminate a risk.  An in-depth understanding of microbial ecosystems 

on surface areas of pre- and post-harvest fruits and vegetables is necessary to develop 

successful interventions for the removal of pathogens (Beuchat, 1998).  

Reporting Illness 

Although technologies for detecting, identifying, and confirming foodborne 

illnesses have advanced, most illnesses are still not recognized or reported as often as 

they actually occur. For every foodborne illness case that is reported, as many as 40 more 

illnesses are not reported or lab confirmed (Mead, 1999; Voetsch, 2004). Unless an 

illness is severe enough to require a visit to the doctor or hospital, it is unlikely that the 

source and identity of the pathogen will be determined (Sobel et al., 2002). Other 

limitations to outbreak data include the underrepresentation of pathogens which are 

difficult to identify or rarely cause outbreaks. Outbreaks of large magnitude or those that 

cause serious illness are more likely to be investigated or reported (Scallan et al., 2011). 

It is virtually impossible to know how many people become ill from eating a food, which 
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pathogens caused the illness, and where those pathogens entered the food system (Batz et 

al., 2005). Food safety is a complex subject; a perfectly safe food supply is an unrealistic 

goal. However, through the development and evaluation of food safety education 

programs such as the ones described in this report, opportunities exist for improving food 

safety at each step in the food supply chain, beginning at the farm.  

Good Agricultural Practices (GAPs) 

Increased concerns about foodborne illness from fresh produce and the 

subsequent economic loss have motivated many growers to adopt Good Agricultural 

Practices (GAPs). Good Agricultural Practices are broadly defined as "practices that 

address environmental, economic and social sustainability for on-farm processes, and 

result in safe and quality food and non-food agricultural products‖ (FDA, 2003a). The 

concept of GAPs has evolved in recent years due to the rapidly changing and increased 

globalization of our food supply, as well as concerns from stakeholders about food 

production and security, food safety and quality, and environmental sustainability of the 

agricultural system. Stakeholders responsible for the protection of public health in 

association with the food supply include farmers, slaughterhouse operators, food 

processors, transporters, distributors, consumers, and governments. In order to ensure a 

safe, nutritious food supply, responsibility towards this goal must be shared along the 

entire food chain (FDA, 2003b).  

Historical Perspective of Food Safety and the Role of GAPs 

In describing the role of GAPs in food safety, a historical perspective must be 

examined within the context of the entire food system. Food safety traditionally has been 

focused on enforcement mechanisms to remove unsafe food from the market, instead of 

the prevention of food safety problems prior to their inception (Bihn & Gravani, 2006). 
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To complete an accurate assessment of the safety of a food, it is necessary to understand 

the intricacies of biological, chemical, and physical hazards from raw material production 

to consumption of the finished product (FDA, 2009). In order to accomplish these goals, 

a methodology of food safety called Hazard Analysis Critical Control Points (HACCP) 

was developed by Pillsbury Co. in 1959 for food products to be used in the space 

program (Bauman, 1990). HACCP is a seven point method of monitoring food 

processing from receiving to service. The system consists of evaluating each step of 

production for possible critical problems that may cause individuals to become ill if 

contaminated food is consumed  (Higgens & Hatfield, 2004). The use of HACCP has 

been mandated by the FDA and USDA for a variety of industries such as seafood, juice, 

meat, and poultry processing facilities and has become a valuable tool in preventing 

foodborne outbreaks (FDA, 2009).  

Unfortunately, HACCP cannot be implemented in on-farm food safety programs 

for fresh produce, as there is no definite kill step for pathogens, such as pasteurization. 

Additionally, the variability of environmental factors, types of food produced, and 

complexity of pathogen transmission in fresh produce makes HACCP principles nearly 

impossible to achieve for producers of fruits and vegetables. However, basing on-farm 

food safety programs on HACCP principles can provide scientific credibility for 

guidelines; however, the National Advisory Committee on Microbiological Criteria for 

Foods suggests that while a formal HACCP system is too rigid for the farm, the basic 

principles can still be loosely adapted to reduce risk (FDA, 2009). Translating HACCP-

based strategies to the farm level has resulted in a set of generic guidelines which 
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eventually evolved into the present day Good Agricultural Practices (GAPs) Program 

(Bihn & Gravani, 2006).   

As part of President Clinton‘s 1998 Food Safety Initiative, the FDA (1998)  

issued a guidance document to the industry entitled Guide to Minimize Food Safety 

Hazards for Fresh Fruits and Vegetables. The FDA guide set the foundation for a variety 

of practices and programs commonly referred to as Good Agricultural Practices (GAPs) 

and Good Manufacturing Practices (GMPs). Growers, packers, shippers, and others can 

use GAPs/GMPs to address common risk factors in their operations as a method to 

minimize the potential for foodborne illness. This guidance document recognizes that 

there are different agricultural practices among produce types as well as among growing 

regions (FDA, 2003b). Producers must be aware of the importance of food safety, 

opportunities available, and potential barriers before making informed decisions about 

whether or not to adopt Good Agricultural Practices on their farm.   

Good Agricultural Practices: Barriers and Drivers for Adoption 

Many individual growers have reacted to the increased concern about foodborne 

illnesses and subsequent financial losses by improving their food safety systems and 

participating in third-party audits (Calvin, 2004). The philosophy behind auditing is to 

provide verification; however, an audit alone does not necessarily promote the culture of 

food safety. On-farm food safety systems must be integrated into both managerial and 

employee culture in order to reinforce and ensure the use of good agricultural practices 

(Chapman, 2005).  Moreover, many produce buyers are now requiring their growers to 

have proof of proper handling and agricultural practices from farm to fork in order to 

maintain consumer confidence in the industry by reducing the risk for foodborne 

outbreaks (Bihn & Gravani, 2006).  
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Perceived barriers to successful implementation of GAPs programs may include 

knowledge barriers, attitudinal barriers, and financial barriers. First and foremost, the 

concept of GAPs must reach producers, both large and small, before widespread use of 

GAPs on-farm food safety plans become commonplace. Secondly, agreeing with the 

principles of the program and believing actions will have an impact on food safety is an 

important attitudinal obstacle to overcome. Lastly, financial barriers and the allocation of 

resources such as time, money, and staff may present a significant hurdle to producers 

(FDA, 2003a). 

According to an FDA report on growers‘ understanding and implementation of 

GAPs guidance, growers who were interested in adopting on-farm food safety programs 

anticipated significant barriers to employing and sustaining their GAPs programs. 

Changing requirements, unclear standards, and lack of scientifically supported 

information deterred some producers from adopting the program (Butte, 2010). Ideally, 

all GAPs would be scientifically proven, but evaluating and validating the efficacy of 

GAPs in reducing food safety risks is difficult, especially when the events that the 

practices are meant to prevent are rare (Buckley & Reid, 2010). Sound scientific 

evaluation of the impact of on-farm practices is extremely challenging; on-farm research 

is expensive, complex, and may vary from one farm to another. To develop interventions 

that will have the greatest impact on reducing foodborne illness, processes must be 

developed through research, then validated, implemented, and subjected to rigorous 

documentation to ensure they achieve the desired objective. Interventions must be 

suitable for a broad spectrum of production environments and types of foods while still 

being economically feasible (FDA, 2003a). In a 2007 multi-state survey,  it was found 
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growers and packers who had a knowledge of GAPs were more likely to adapt and 

integrate the educational concepts of GAPs into their farm food safety programs (Jackson 

et al., 2007). Regardless of GAPs knowledge, any on farm food safety program has its‘ 

limitations. Appropriate documentation, increased oversight of employee actions, and the 

inclusion of third party auditing services have all been cited as potential barriers by 

growers and processors of fresh fruits and vegetables (Wilson et al., 2009). 

In response to new regulations and guidelines, changing food consumption 

patterns, and improved market access, producers need to have the flexibility to adopt 

programs that can help them meet the demands of providing a safer food supply (Rejesus, 

2009). Improved market opportunities exist for growers who are able to assure their 

buyers they have followed the appropriate food safety practices on their farms (Bihn & 

Gravani, 2006). GAPs are currently being promoted by the industry in response to 

consumer demand for safely and responsibly produced food. One of the primary 

incentives for on-farm food safety programs is to maintain market share and strengthen 

relationships with customers and consumers by enhancing trust through proactive food 

safety programs (Chapman, 2005).  Research also suggests  producers‘ current food 

safety goals and activities are driven primarily by customer expectations, buyer 

requirements, and pending governmental regulations. Concern for legal and financial 

liability resulting from a contamination event, as well as the moral obligation to protect 

the public‘s health were also cited as factors driving the adoption of GAPs (Butte, 2010).  

  



13 

 

Regulatory Landscape 

Currently, GAPs are not mandatory regulations, but instead, were developed by 

the FDA to provide recommendations and guidance to the fruit and vegetable industry to 

reduce microbial risks (GAPsNET, 2009; FDA 1998).  Mandatory safety standards for 

produce appear to be on the horizon. Along with the Food and Drug Administration‘s 

voluntary guidance documents, Congress has also introduced a number of bills with 

provisions that would direct the FDA to establish standards for the safe production of 

fruits and vegetables (O'Hara, 2009).  

On January 5, 2011, the S.510 Food Safety Modernization Act was signed into 

law (GovTrack.US, 2011). The bill will increase the FDA's regulatory authority over the 

food production system in order to prevent contamination and foodborne illness 

outbreaks. It also gives the FDA mandatory recall authority, requires food producers to 

have qualifying plans in place for identifying and addressing safety risks, and specifies 

that importers must verify the safety of all imported foods. Small farms and food 

facilities that generate less than $500,000 in sales annually and sell most of their food 

locally will be exempt from most of the new regulations in the bill. Applying directly to 

on-farm food safety, Section 105 of S.510 states that the bill: 

Sets forth provisions related to produce safety, including to require the Secretary 

to: establish science-based minimum standards for the safe production and 

harvesting of those types of fruits and vegetables that are raw agricultural 

commodities to minimize the risk of serious adverse health consequences or 

death; and  publish updated good agricultural practices and guidance for the safe 

production and harvesting of specific types of fresh produce (GovTrack.US, 

2011).  

 

As a result of the growing movement toward mandatory produce safety standards, 

GAPs audits are becoming increasingly important to all stakeholders in the industry. In 

the future, potential implications of these mandatory produce safety standards as well as 
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insights for how standards could be modified to fit current industry needs will require in-

depth evaluation (O'Hara, 2009).  

Good Agricultural Practices Principles 

Fruits and vegetables can become contaminated with harmful bacteria as well as 

unintended chemicals and other food safety hazards in a variety of ways. Factors that 

may result in pre-harvest contamination of fresh produce include the use of contaminated 

animal manure as fertilizer, fecal contamination from feral animals, the use of 

contaminated irrigation water, and human handling. At the post-harvest level, critical 

factors include the use of contaminated wash water or ice for packing, human handling, 

the presence of rodents in the processing facility, the use of contaminated equipment or 

transportation vehicles, and improper storage (NACMCF, 1995). Irrigation practices, 

manure use, wild and domestic animals, worker training and hygiene, packing facilities, 

and transportation are all important considerations in the production of fruits and 

vegetables since contamination has been linked to all of  these factors (Brackett, 1999; 

Kudva et al., 1998; Tauxe, 1997; Wachtel et al., 2002). Figure 2.1 illustrates the cycle of 

pathogens between humans, animals, and the environment and the impact it has on fresh 

produce.   

 

 

 

 

 

 

 

Figure 2.1: Cycle of pathogens in fresh fruit and vegetable production (Beuchat, 1996). 
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As with any food safety intervention program, successful implementation relies 

on growers and farm managers prioritizing GAPs throughout all parts of the operation, 

from the field to the packing facility and beyond (Butte, 2010). Although detailed more 

thoroughly by the FDA (1998), Cornell University (2009),  and the University of 

California (2010), the following guiding principles serve as fundamental components of 

microbial food safety management plans. Growers, specialty crop producers, harvest 

operators, distribution handlers, direct marketers, and fresh cut processors may benefit 

from adhering to these guidelines, especially if tailored to their own working 

environment and adapted to their current handling practices (Rangarajan et al., 2002).  

Irrigation 

 Currently in the United States, there are no irrigation water quality standards, only 

guidelines based on drinking water quality.  Historically, water quality testing was done 

to monitor water hardness, pH, mineral content, and other factors that affect plant growth 

and development. However, recent outbreaks have been attributed to production water as 

a source of pathogenic bacteria and viruses that contaminate fruit and vegetables in the 

field (Bihn & Gravani, 2006). 

  Contamination of both surface and ground water sources may occur from infected 

livestock or improperly treated effluents, such as sewage from treatment plants. Animal 

and human fecal material may contain Norovirus, Hepatitis A, or bacterial pathogens 

such as E.coli O157:H7, Salmonella spp., and Shigella spp. (Beuchat, 1998).  Methods of 

delivering water to crops on the farm can greatly influence the risk of microbial 

contamination of produce. Water may be delivered to crops in a variety of ways including 

overhead, surface, and drip irrigation. Solomon and colleagues (Solomon et al., 2002) 

discovered the transmission of E.coli O157:H7 to lettuce was possible through the use of 
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both spray and drip irrigation. In a follow-up study, Solomon and colleagues (2003) also 

found E.coli O157:H7 from contaminated manures used in soil amendments could be 

transmitted internally into lettuce plants following irrigation. Viable pathogenic cells 

were found to have migrated into the inner tissues of the lettuce plants from the soil, thus 

protecting the pathogen from topical sanitizing agents. Although research has shown 

pathogenic organisms can be taken up by the roots of certain plants, these studies were 

done with much higher concentrations of pathogens than would naturally be present in 

the field (Wachtel etal., 2002; Zhang et al., 2009b).  Application of irrigation water 

beneath the soil, where potential contaminated water does not come into direct contact 

with the edible parts of the plant, results in a lower risk of causing foodborne illness 

outbreaks than produce irrigated using overhead spray systems (Bihn & Gravani, 2006). 

While it has been suggested that halting irrigation with contaminated water prior to 

harvest can be an effective strategy to reduce human exposure to pathogens (Qadir et al., 

2010), pathogen survival times cited in the literature are highly variable. 

Standards for the levels of coliforms in drinking water are well established and 

fairly consistent throughout the United States.  However, irrigation water standards are 

not well established and are highly variable from state to state, as well as internationally.  

The World Health Organization has developed guidelines stating that foods eaten raw 

should be irrigated with water that has less than 100 coliform/100ml in 80% of samples 

(Okafo et al., 2003).  These guidelines were updated in 2006 utilizing a ―health-based 

target approach‖ to provide more flexibility to international governments in addressing 

the issue of coliforms in irrigation water (Qadir et al., 2010). Most states call for some 

level of treatment of reused water that will be applied to food crops, but these rules are 
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highly variable. The EPA summarizes the states regulations and guidelines related to 

food crops as follows:   

―Average fecal and total coliform limits range from non-detectable to 200/100 ml. 

Arizona requires no detectable limit for fecal coliform when reclaimed water will 

be used for spray irrigation of food crops. Florida requires that 75 percent of the 

fecal coliform samples taken over a 30-day period be below detectable levels, 

with no single sample in excess of 25/100 ml. Conversely, Nevada requires a 

maximum fecal coliform count of less than 400/100 ml with only surface 

irrigation of fruit and nut bearing trees. Again, some states allow higher single 

sample coliform counts (USEPA, 2004).‖ 

 

This variability in regulation, coupled with the need for more research in 

detection methods, contamination risks, modes of human internalization and other 

relevant issues, indicates the need for caution in creating any guidelines related to human 

pathogens in irrigation water. The following Good Agricultural Practice guiding 

principles for crop production water are listed below (GAPsNET, 2009): 

 Know routes and handling of surface water sources, seasonal influences, and any 

microbial monitoring programs of the supplier (if using delivered water). 

 Know the history of the land and any prior uses and inputs such as chemicals or 

fertilizers. 

 Identify potential sources of contamination, especially those within ability to 

control. 

 Ensure wells are properly designed and maintained to prevent surface run-off 

from contaminating the supply. 

 Water used for spray irrigation (foliar application) should be from a pathogen-free 

source. 

 Any foliar application of water two weeks prior to harvest should be from a 

potable or pathogen-free water source. 
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Manure Use 

 Manure and other soil amendments provide many benefits to soil fertility and crop 

growth. Overall productivity of fruit and vegetable crops are often reliant on the organic 

matter acquired from manures to provide proper nutrients, water-holding capacity, and 

soil texture. The use of manures for soil fertility also assists the animal production 

industry in waste management (Bihn & Gravani, 2006). Despite these benefits, the 

application of soil amendments contaminated with pathogens from animal feces or 

untreated sewage can cause foodborne outbreaks to occur (Tauxe, 1997). 

 Cattle, chickens, sheep, and swine naturally shed pathogenic organisms such as 

E.coli O157:H7, Salmonella spp., or Campylobacter jejuni in their feces, which can then 

be transferred to fruits and vegetables grown in the field through manure (Beuchat, 2002, 

Beuchat & Ryu., 1997). Risk for contamination may be linked to the type of animal 

manure used; cattle manure was found to have E.coli O157:H7 present 2.4 times more in 

comparison to other animal types. In a small-scale comparative study conducted in 

Minnesota, organically grown produce was compared to conventionally grown produce 

for the presence of harmful pathogens  (Mukherjee et al., 2004). While most samples 

were virtually free from pathogens, E.coli O157:H7 appeared 19 times more on produce 

grown on the organic produce than the conventional produce. Researchers attributed this 

difference to organic producers applying manure that was aged less than one year to 

produce crops. E.coli O157:H7 can survive in soil for over 3 months, making manure 

application within three months of harvest a high risk practice for many fruit and 

vegetable crops (Kudva et al., 1998). The National Organic Standards for processed 

animal manure recommends a 120 day interval between application of raw manure and 

harvest of the crop (USDA, 2010). Furthermore, Islam and colleagues ( 2005) have 
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suggested a 210 day period between raw manure application and harvest; citing that 

pathogen survival is dependent on soil type and temperature, competition from natural 

flora, and crop type.   Although efforts have been conducted to reduce pathogenic 

organisms in manure through herd management, microorganisms will never be 

completely removed; therefore proper manure management and composting should be 

followed (Schamberger et al., 2004). 

 Prior to application, proper composting is an effective way to reduce pathogen 

load in animal manures. One misconception about proper composting is that manure can 

be ‗aged‘ by letting it sit in a pile for a specified period of time. Although this method 

will affect the overall pathogen load, it is not a consistent way to manage manure for food 

safety concerns (Bihn & Gravani, 2006). The National Organic Standards final rule 

outlines specific temperature and time requirements for manure composting, and has been 

shown to be effective in consistently reducing pathogen populations (USDA, 2010). The 

Good Agricultural Practice guiding principles for manure application are listed below 

(GAPsNET, 2009): 

 Be informed about compost management and documentation for pathogen 

reduction. 

 Obtain documentation about specific compost management for each lot. 

 Maximize time between application of raw manure during production and harvest. 

 Spreading of manure without incorporation into the soil requires careful attention 

to ensure pathogen reduction practices have been met. 

 Document the dates, locations, and type of manure applied to crops. 
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Animal Contamination 

 Some of the most overlooked and difficult sources of contamination to control 

during fresh fruit and vegetable production are spread by wild and domestic animals. 

Pathogenic bacteria can be picked up by wild animals as a result of feeding on garbage, 

contacting raw sewage, or walking through soil that has had fresh manure applications 

(Beuchat & Ryu, 1997; Powell & Luedtke, 2004). Wild birds potentially harbor bacterial 

food pathogens in their feces such as Campylobacter jejuni and Salmonella - and can 

result in the contamination of fruit and vegetable crops (Hanning et al., 2009). It is not 

possible to eliminate every animal influence from production fields; however, steps to 

minimize their presence can be followed. The Good Agricultural Practice guiding 

principles for minimizing contamination from animals are listed below (GAPsNET, 

2009): 

 Domestic animals should not be allowed into the field during the growing and 

harvesting season. 

 Minimize the presence of attractants of wild animals (such as cull piles) within 

the production field area. 

 Install fencing, where feasible, to reduce wild animal and livestock contact with 

produce crops. 

 Document animal presence in the field and record corrective actions, if possible.  

 

 

Worker Health and Hygiene 

Lack of worker personal hygiene is one of the most important factors resulting in 

contaminated produce reaching the end consumer. The degree of an employee‘s personal 

hygiene can have a direct impact on the transmission of pathogenic bacteria to produce 

being harvested (Todd et al., 2009). Agricultural employees are on the frontlines of food 

safety; providing effective training and making food safety information available 
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demonstrates to employees that food safety should be a priority.  Farm workers often 

come from culturally diverse backgrounds which may not stress proper personal hygiene 

as an important behavioral characteristic (Bihn & Gravani, 2006).  Insufficient training of 

food handlers on proper food safety and handling practices is a primary underlying cause 

contributing to the spread of foodborne illness (Medeiros et al., 2001). Ideally, training 

will motivate workers to willingly conform to proper sanitary practices. However, a strict 

requirement should be conveyed that hygienic practices are mandatory regardless of 

willingness (NACMCF, 1995). Several critical steps can be taken to reduce the incidence 

of foodborne illness caused by agricultural workers. Sanitary portable toilets and hand 

washing facilities must be provided and readily accessible to work areas at minimum 

(Rangarajan et al., 2000).  A multi-state survey that was conducted in 2007 indicated that 

growers and packers who had a knowledge of GAPs were more likely to provide hand 

washing and toilet facilities for workers on the farm to encourage proper hygiene 

practices in agricultural operations (Jackson, 2007).  

In 1998, forty-three cases of Hepatitis A were confirmed among individuals who 

ate at a restaurant in Ohio (Dentinger et al., 2001). The outbreak investigation identified 

that 38 of the 40 affected individuals ate green onions as part of their menu item.  The 

contamination of green onions most likely occurred at the farm level from an ill worker. 

Green onions require extensive handling at harvest, including peeling the outer layer off 

the onion, securing the onions in bundles, cutting off the roots, and trimming the stems. 

Failing to employ simple hygienic practices, such as hand washing, also led to an 

outbreak of cholera associated with sliced melon (Ackers et al., 1997). Given the large 

number of cases and high cost of medical expenses related to human fecal pathogens, 
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hand washing can help reduce the incidence of fecal pathogens such as the Norowalk 

virus, Shigella spp., and Hepatitis A (Medeiros et al., 2001).  The Good Agricultural 

Practice guiding principles for minimizing worker contamination through proper hygienic 

practices are listed below (GAPsNET, 2009): 

 Provide convenient, clean, well maintained, and serviced toilet facilities in the 

field.  

 Supply liquid soap, potable water, and single use paper towels for hand washing. 

 Emphasize the importance of restroom use and proper hand washing.  

 Reassign sick employees to duties that do not require direct contact with produce. 

 Provide training to help workers understand the relationship between food safety 

and personal hygiene.  

 

Field and Harvest Sanitation 

The overall food safety of produce crops, prior to consumer handling, is primarily 

dependent on the growing environment and pre-harvest conditions. However, farm tools 

such as harvesting equipment, including harvest totes and bins, may serve as a vehicle for 

contamination (Bihn & Gravani, 2006). One misconception held by producers is that raw 

produce is already soiled because it is grown in an agricultural environment and 

cleanliness with equipment and harvesting materials is not necessary. All equipment and 

harvesting materials should be constructed of easily cleanable materials and sanitized on 

a daily basis. For example, if tractors used in the spread of manure are then used in the 

direct harvest of produce, contamination of produce with harmful pathogens could 

possibly occur (Brackett, 1999). The following Good Agricultural Practice guiding 

principles for field harvest and sanitation are listed below (Rangarajan et al., 2000): 

 Pressure wash, rinse, and sanitize all produce containers, prior to harvest. 

 Cover clean bins before harvest to minimize any contamination by birds and 

animals. 
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 Remove field soil from the outside of harvest bins prior to entering the 

packinghouse.  

 Do not allow animals, including poultry or pets, to roam into crop areas, 

especially close to harvest time.  

 Use harvest containers that are made from easily cleanable materials and keep 

record of sanitation practices. 

 

Packing Facilities and Washing Operations 

In addition to harvest equipment, sites with poor sanitation in the washing and 

packing area can significantly increase the risk of contaminating fresh produce. 

Pathogenic organisms can live on floors, ceilings, and drains in the packing facility. They 

may also remain viable and grow on the surfaces of sorting, grading, and packing 

equipment. If proper sanitary practices are not followed, any surfaces that come in 

contact with fresh fruits and vegetables could be a potential source of microbial 

contamination. The packinghouse should be properly designed and constructed, ensuring 

that it is protected from the outside environment and maintained in a sanitary manner. 

Several large produce related outbreaks have been traced back to poor sanitary conditions 

of packinghouses and washing equipment. A multi-state outbreak of E.coli O157:H7 

associated with the consumption of mesclun lettuce contaminated at the packinghouse 

resulted in infection of at least 61 persons, including 21 hospitalizations, and three cases 

of hemolytic uremic syndrome (HUS) (Hilborn et al., 1999). 

Potable water should be used for all postharvest applications, including cooling 

and cleaning. Operations often recirculate water through these systems to conserve 

energy; however, dirt and organic matter may accumulate and reduce the effectiveness of 

chlorinated solutions and increase pathogen populations (Bihn & Gravani, 2006). 

Sanitizers are primarily used to maintain the bacteriological quality of the water, rather 
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than reduce populations on fruits and vegetables (Brackett, 1999). Two outbreaks of 

Salmonella infections occurred in 1990 (176 cases of S. javiana) and 1993 (100 cases of 

S. montevideo) (Hedberg et al., 1999).  Contamination most likely occurred at the 

packing shed, where tomatoes were dumped into an inadequately monitored chlorinated 

cooling water bath. Water used in the processing of all fruits and vegetables should be 

potable and chlorinated to maintain sufficient levels of free chlorine to compensate for 

the continual addition of organic material.  For organic fruits and vegetables, sanitation 

products must comply with specific regulations. Through the National Organic Program 

standards, chlorine materials are allowed as long as ―residual chlorine levels do not 

exceed the maximum residual disinfectant limit under the Safe Drinking Water Act.‖ The 

limit of free chlorine is currently established by the Environmental Protection Agency at 

4 µL·L
-1 

for organic producers (Plotto & Narciso, 2006). The Good Agricultural Practice 

guiding principles for packing facilities and washing operations are listed below 

(GAPsNET, 2009): 

 Clean and sanitize the packing area and lines daily. 

 Be sure to keep animals (such as birds or other rodents) out of the packinghouse 

and storage facilities. 

 Do not allow packinghouse workers to eat or smoke in the packing area.  

 Do not wear field clothes, especially shoes and boots into the packinghouse. 

 Use chlorinated water and other approved disinfectants to wash produce.  

 Accurately maintain chlorine and sanitizer levels in the wash water. 

 Change wash water at regular intervals, or when the organic load of the water has 

increased.  

 

Transportation 

Once food has been harvested or processed, it is usually packaged and moved to 

the location of sale or to the purchaser. Farmers involved in the transportation of produce 

are encouraged to scrutinize product transport at each level of the system, from the field 



25 

 

to the packing facility and on to distribution and wholesale. The proper transportation of 

fresh produce helps reduce the potential for microbial contamination. Maintaining 

frequent communication with personnel responsible for transportation is essential for 

delivering safe foods to the end consumer (Beuchat, 1997). The Good Agricultural 

Practice guiding principles for packing facilities and washing operations are listed below 

(GAPsNET, 2009): 

 Ensure that vehicles used to transport fresh produce have not also been used to 

transport live animals, field products, or any other materials that could cause 

contamination. 

 Transportation workers must practice good hygiene and have taken part in food 

safety training programs. 

 Temperature is maintained and documented. 

 A pre-transportation review is completed and documented for cleanliness. 

 Produce is loaded and unloaded in trucks in a manner that will minimize damage 

and cross contamination.  

 

Recall and Traceability 

A recall is an action taken by growers, packers, and distributors to remove from 

commerce consumer products potentially injurious to human health (CDC, 2011).  

Traceability refers to the record keeping system designed to trace the flow of product 

through the production process or supply chain. A recall plan is a written collection of 

documents that can identify what product has been sold and to whom, who or what will 

be involved in the actual recall, and how the recall will be carried out to remove all 

harmful product from the consumers‘ reach. Through the use of GAPs, documentation 

and maintenance of a farm food safety plan will address these issues should a recall and 

traceback become necessary (Chang et al., 2009). In the event of an outbreak, 

identification investigations can lead to a specific source, rather than an entire 

commodity, thereby lessening the economic burden on multiple industry operators who 
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are not involved in the outbreak (Buckley & Reid, 2010). The following Good 

Agricultural Practice guiding principles for recall and traceability are listed below 

(GAPsNET, 2009): 

 Proper data storage and recording of transactions will ensure product can be 

traced from farm to fork. 

 A program should be developed to track individual units through the supply 

chain, including field of origin as well as date and packaging location. 

 Traceability systems should be used in conjunction with retail stores to ensure that 

common units of tracking are utilized in the system.  

Risk Based Food Systems 

Risk Analysis 

Risk analysis is widely recognized as the fundamental methodology underlying 

the development of food safety standards. Risk management is defined within the Codex 

Alimentarius as the ―process of weighing policy alternatives in the light of the results of 

risk assessment and implementing appropriate control options (FAO, 2007).‖ The 

increase in foodborne illness in recent years suggests the need to develop more effective 

tools for risk management in the current food system. As a result of the risk management 

process, committees within the Codex Alimentarius system have developed standards, 

guidelines, and other recommendations for food safety such as GAPs and HACCP (FDA, 

1997, 2007b). 

The World Health Organization (WHO) has stated that a risk-based approach 

should be applied to food production and distribution systems worldwide (WHO, 2009). 

This risk-based system strives to reduce human exposure to foodborne pathogens by 

preventing, eliminating, or reducing food safety hazards. Many factors have contributed 

to the global emergence of food safety as a significant issue; better risk assessment and 



27 

 

communication, increased technology applied for safety uses, stricter public health 

standards, and international cooperation are just a few of the drivers toward the use of 

risk based systems. In addition, experts and crucial stakeholders in the food system have 

been major proponents in the development of science and risk-based systems to prioritize 

and manage foodborne hazards (Ruzante et al., 2010).  

The primary goal of risk management with food  is to protect public health by 

controlling such risks as effectively as possible through the selection of appropriate 

implementation measures (FDA, 1997). Secondarily, microbial food safety incidents have 

often resulted in market disruptions and negative public media attention. By 

incorporating broader economic and public factors into risk prioritization, those who 

manage risk will be able to make more scientifically sound and defensible management 

decisions in an effective and timely manner (Ruzante et al., 2010). These decisions can 

then be made not only in the interest of public health, but also in the interest of all those 

involved in the country‘s food system.  

Scientific rationale is increasingly being incorporated into many different 

approaches to food safety. Through the framework of risk analysis, human health risks 

caused by foodborne illness can be assessed and better controlled. The World Health 

Organization identifies a three stage process for risk analysis (Henson & Caswell, 1999).  

1.) Risk assessment: an assessment is made of the human health risk associated 

with a particular foodborne hazard. 

2.) Risk management: decisions are made according to the acceptable level of risk 

and methods for control of the risk.  

3.) Risk communication: information about the risk and chosen methods of 

control are communicated with all involved parties.  
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Risk Reduction and Adoption of Good Agricultural Practices 

Although GAPs and third-party certification do not guarantee food safety, they 

can  reduce the risk that foodborne disease will originate on the farm. In relationship to 

economic risk reduction, the ―positive externality‖ effect, as economists describe it, can 

potentially affect the entire produce industry. Essentially, each grower who participates in 

third party audits or becomes GAPs certified reduces his or her own farm‘s risk of 

spreading foodborne illness, therefore, lowering the risk of an outbreak that affects an 

entire community of producers. In contrast, the ―negative externality‖ effect occurs when 

a producer does not adopt GAPs and an outbreak is traced back to his or her farm. Both 

the producer responsible for the outbreak, as well as the industry suffers as a whole 

(including those producers who do adopt and follow GAPs) (Rejesus, 2009). For 

example, in August and September of 2006, a 26 state outbreak of E.coli O157:H7 

sickened more than 200 people and killed three. The eight-day recall had a major impact 

on the spinach industry. The spinach industry estimated that the economic losses from 

this recall ranged from $37 to $74 million (FDA, 2007a; Rejesus, 2009). Table 2.2 

outlines bagged spinach and salad retail sales value after the 2006 E. coli O157 H:7 

outbreak.  
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Table 2.2: Sales of spinach lag, one year after the 2006 outbreak of E.coli O157:H7 

(Calvin, 2007). 

 

 

 

 

 

 

 

The risk of large economic losses, such as a plummet in sales (especially if the 

produce is traced to a specific farm operation), damage to a producer‘s reputation, and 

potential law suits, may be reduced with adoption of GAPs practices and third-party 

auditing (Buckley& Reid, 2010; Butte, 2010; GAPsNET, 2009). Lawsuits in the food 

industry are on the rise due to better scientific methods for proving foodborne illness 

causation. In 2008, a law firm in Seattle, Washington has reported handling over 1,000 

foodborne illness cases originating in locations within all 50 states (Connally & Floyd, 

2009). The overwhelming cost of legal action due to a foodborne outbreak can be 

illustrated by the 2003 outbreak of Hepatitis A, the largest single-source epidemic of the 

virus in United States history. Green onions contaminated with Hepatitis A were served 

at a ChiChi‘s Mexican Restaurant near Pittsburgh, Pennsylvania. The outbreak was 

attributed to poor sanitation practices of the four Mexican farms producing green onions 

January 24, 2007- August 24, 2006-

February 24, 2007 January 24, 2007

Bagged salad 

without spinach -5 -8

Bagged spinach -27 -43

Bagged salad with 

spinach -24 -42

In 2007, bagged spinach and salad retail sales values still lagged

Percent change in sales value

from a year ago for:

Percent
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for the restaurant chain (CDC, 2003). The total compensation paid by ChiChi‘s was over 

$50 million (Connally & Floyd, 2009).  

For a two week period following the outbreak, estimated losses to the Mexican 

green onion industry totaled $10.5 million. A series of interviews were completed in 

2004 to determine whether the growers‘ implementation of GAPs affected their economic 

loss and subsequent crop demand. The summary of responses is shown in Table 2.3. 

Through the implementation of GAPs programs and food safety risk management 

strategies, some Mexican farmers were able to mitigate the effects the Hepatitis outbreak 

had on their farm (Calvin, 2004).  

Table 2.3: Impact of the 2003 Hepatitis A outbreak on Mexican growers, by GAP status 

(Calvin, 2004). 
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Web-Based Approaches to Education 

 In today‘s high technology society, adults must continually learn new concepts 

and skills to succeed in their careers (Divine, 1998). Distance education has emerged as a 

viable and popular alternative to provide educational opportunities to working adults. 

Educational technology, specifically associated with the internet, is constantly evolving 

and widely used as a learning tool in both the home and workplace (Garrison et al., 

2000). Internet usage in the United States has increased significantly since the turn of the 

century.  In 2009, 69% of households (119 million) compared to 42% in 2000 reported 

having internet access. In addition, 79% of adults report using the internet at their 

workplace, home, or school (U.S. Census Bureau, 2009). Along with the increase of 

internet usage, broadband connections have allowed for the development of live internet 

broadcasting, or  webcasting, educational techniques (Allred & Smallidge, 2010). On-line 

teaching strategies can help to engage a wide variety of adult learners and outreach 

methods can be customized to target audiences (Bairstow et al., 2002; Divine, 1998).  

Despite their convenience and availability for use, several considerations need to be taken 

into account when developing web-based educational courses and materials.  

Distance Learning Advantages and Disadvantages 

 Outside of the classroom, continuing education has traditionally occurred through 

workshops and professional conferences. With the emergence of the internet, web-based 

methods of learning have become an increasingly convenient way to earn continuing 

education credits as well as acquire new skills and information (Wallner et al., 2007). The 

online classroom setting provides flexibility while accommodating time constraints of 

both the educator as well as student (Allred & Smallidge, 2010; Jones et al., 2007).  

Improved access for geographically dispersed audiences is continually attracting students 
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who might not otherwise be engaged in lifelong learning opportunities (Garrison et al., 

2002). Web-based education can be cost effective for both the educator as well as the 

student. Online programs are typically more cost effective than publishing printed 

materials or renting classroom space. Students are able to access materials online from 

the location of their choice, saving them valuable time and money that travel to a 

classroom session may require (Jones et al., 2007).  

 Many of the practices taken for granted in the educational process are removed 

when learning is taken outside of the classroom setting. Creative ways to address these 

issues must be incorporated  by educators and developers of web-based courses in order 

to ensure the success of their students (Garrison et. al, 2000). Disadvantages of distance 

education include inability to interact face-to-face with the instructors and other students, 

decreased likelihood for participation and asking of questions, distractions from variable 

learning environments, and technology related issues, such as internet access or usability 

of the program (Allred & Smallidge, 2010).  In addition, the type of student, 

technological ability,  and motivation  to self-educate are crucial factors affecting the 

success of distance education (O'Bryan et al., 2009).  

Web-based Educational Technologies 

 While direct interaction with educators is a valued and effective mode of 

education, distance education via online materials can also be an valuable tool with the 

added benefit of being convenient and cost effective (O'Bryan et al., 2009). Two 

categories of web-based courses are often used for distance education, independent self-

paced or interactive. The independent self-paced modules are automated and scripted, 

typically with no interaction with the instructor or other students taking the course. These 
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types of web-based course are best suited to teach simple skills or train a user to perform 

tasks. Interactive courses use a different approach and may include more complex subject 

matter. This type of course may contain some self-paced information combined with 

interaction with instructors and other students (Garrison et al., 2000).  

 The specific web-based education process chosen for this project is a type of 

interactive method, a series of webinars. The term ‗webinar‘ is a union of the words 

‗web‘ and ‗seminar,‘ simply meaning a seminar conducted over the internet. Internet 

software programs such as Adobe Connect, Go-To-Meeting, and Elluminate, allow for 

the interaction and collaboration of people over vast geographical boundaries through the 

World Wide Web. This type of computer platform enables two-way communication 

between the educator and learner, increasing the effectiveness and involvement of the 

audience. Typically, a webinar consists of a presentation hosted by a specific service 

provider on a web server. Webinar features may also include the following characteristics 

that allow for increased interaction and dissemination of information (Verma & Singh, 

2010): 

 Sharing application- allows the presenter to share his or her desktop, 

applications, or other audio and visual materials.  

 Chat Window- attendees can ask questions without disrupting the flow of the 

presentation through entering text comments into the box.  

 Private Chat Window- enables attendees to privately ask questions and talk to 

moderators, educators, and other attendees.  

 Session recording- makes the presentation available for unlimited use after the 

live session has ended, convenient for those who want to review materials or 

recommend the presentation to others.  
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 Survey- the presenter may develop a survey or poll to assess course content or 

for other evaluation purposes.  

 

Adult and Non-Traditional Learning Styles 

Delivering educational programs to those of different cultures, educational 

backgrounds, and under-served audiences can be a rewarding, but challenging task to 

undertake. A successfully designed learning experience can increase a student‘s ability to 

process information and subsequently apply it in their own life. Cultural considerations 

are one key to determining the scheduling of programs, detail of subject matter, and 

extent of technology use (Bairstow et al., 2002). Learning style can be defined as ―one‘s 

preferred way of engaging and processing information.‖ Each person has the ability to 

utilize a variety of learning styles, however, they may only feel comfortable when using 

his or her dominant learning style (Divine, 1998).  Failing to accommodate these socio-

cultural differences may affect the level of participation and usefulness of the program 

(Bairstow, 2002).  

Distance education has come under much scrutiny over the last decade, as these 

types of educational delivery methods may introduce ‗cultural discontinuities,‘ or lack of 

a contextual match between the learning conditions and the learner‘s socio-cultural 

experiences (Wilson, 2001). Problems arise within web-based education technologies 

when information from the presentation is misinterpreted or misunderstood by the 

student. In the classroom, these issues are typically resolved through interactions between 

the student and teacher, however in distance education, these interactions are often not 

present or are very weak (Divine, 1998; Wilson, 2001).   
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As with any educational course, the quality is based on the organization of 

materials, relevance of activities, and understanding of the audience‘s learning style. 

Encouraging students to become active learners is another integral part to the delivery of 

successful web-based instruction. Both the instructor and student must be self-motivated 

for distance education to serve as a beneficial learning experience. Although it is unlikely 

that distance education and web-based educational models will replace traditional 

classroom education, the potential for these types of programs to serve as an innovative 

and convenient method of learning persists (Garrison et al., 2000).  

Objectives 

 The overall objective of this study, to increase Colorado producer and consumers‘ 

knowledge and participation in safe production and handling of fresh fruits and 

vegetables, was accomplished in three phases. The first part was a needs assessment to 

identify perceived benefits and barriers encountered by small farm producers and 

commercial buyers of Colorado produce to participating in a fresh produce audit 

verification programs, such as GAPs. Part two consisted of the development and 

evaluation of a series of consumer-friendly fact sheets containing nutrition, safe food 

handling, and recommended storage guidelines to promote selected Colorado specialty 

crops. In part three, a series of three web-based GAPs/GHPs presentations targeting small 

producers of fresh fruits and vegetables was developed, implemented, and evaluated. 
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CHAPTER III: METHODS 

 Approval for this research project was obtained from the Human Research 

Committee at Colorado State University (Appendix A). This study was divided into three 

parts. The first part was a needs assessment to identify perceived benefits and barriers 

encountered by small farm producers and commercial buyers of Colorado produce to 

participating in a fresh produce audit verification programs, such as GAPs. Part two 

consisted of the development and evaluation of a series of consumer-friendly fact sheets 

containing nutrition, safe food handling, and recommended storage guidelines to promote 

selected Colorado specialty crops. In part three, a series of three web-based GAPs/GHPs 

presentations targeting small producers of fresh fruits and vegetables was developed, 

implemented, and evaluated. 

Needs Assessment 

 A needs assessment was conducted to determine the perceived barriers and 

benefits to participating in fresh produce audit verification programs.  A search of current 

literature revealed  information on behavior, attitudes, motivators, and barriers to on-farm 

food safety and audit verification programs is not available or very limited and therefore 

data in this subject needed to be collected and analyzed.  

Interview Development 

 Initial interview questions were developed by the author and a panel of three food 

safety Extension specialists, two agricultural Extension professionals, and one industry 
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leader for Colorado‘s GAPs program. The pilot questionnaire was then distributed via 

electronic mail to select food safety professionals, extension agents, and academic faculty 

for review. Based on the feedback collected, the questions were further modified to 

reflect producers and produce buyers as separate target populations. In addition, several 

specific behavioral intent questions were amended. The interview questionnaire for 

producers (Appendix B) and produce buyers (Appendix C) consisted of four main 

sections: ‗demographics,‘ ‗requirements and current practices,‘ ‗future participation and 

interests,‘ and ‗barriers and drivers for adoption.‘  Each section was tailored specifically 

to each target population. 

Producer Interview 

Demographic questions for producers included the gender of interview subject, 

size of the farm, producer profile, water source used for irrigation, types of products 

grown and methods of sale, and previous or current participation in fresh produce audit 

verification programs. Requirements and current practice questions included specific 

requirements set by produce buyers and distributors, employee training, and 

transportation logistics. The third set of questions within the future participation and 

interests section probed for interest in participation for fresh produce audit verification 

programs and other educational methods for food safety on the farm. Lastly, producers 

were allowed to elaborate on their perception or experience with fresh produce audit 

verification programs; more specifically their perceived drivers and barriers for adoption. 

At the end of the interview, additional comments were requested for the development of 

educational materials and web-based presentations for the Good Agricultural Practices: 

Farm to Table Food Safety for Colorado Producers series.  
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Buyer Interview 

 Demographic questions for produce buyers and distributers included gender of 

interview subject, type of buyer (wholesale, market, large store, small store), and primary 

supply source of fresh produce. Requirements and current practice questions included 

documentation practices for food safety, specific requirements for suppliers (including 

GAPs or other types of audits), opinions on higher priority crops to be audited, cost 

assistance, and actions taken in the event of a foodborne illness outbreak originating from 

a supplier.  The third set of questions within the future participation and interests section 

probed for interest in participation of fresh produce audit verification programs and other 

educational methods for food safety on the farm. Lastly, produce buyers were allowed to 

elaborate on their perception or experience with fresh produce audit verification 

programs; more specifically their drivers and barriers for adoption. At the end of the 

interview, additional comments were accepted for the development of educational 

materials and web-based presentations for the Good Agricultural Practices: Farm to 

Table Food Safety for Colorado Producers series to assist growers in successfully 

passing these types of audits. 

Participant Recruitment and Interview Process 

 Producers listed in the 2010 Colorado Proud Farm Fresh directory were targeted 

for the needs assessment interviews in this part of the study.  Subjects were recruited by 

using publicly available contact information published in the directory.  Participants were 

chosen by convenience sample from the directory by meeting two fundamental criteria: 

the producer was located in Colorado and was responsible for the production, packing, or 

distribution of fresh fruits and vegetables. These identified participants (76) were then 
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sent an introductory letter (Appendix D) through e-mail describing the project and intent 

for the telephone interview. Interested participants were then asked to contact the 

researchers to set up a convenient date and time to conduct the telephone interview. Each 

producer who agreed to participate was sent an e-mail to confirm the date and time of the 

scheduled interview. Participants were then telephoned at that specific date and time.  

Four participants were not available during the originally scheduled call and were 

contacted the following day to reschedule. 

Produce buyers and distributors from a convenience sample of Colorado grocery 

chains and food distribution companies were targeted for the needs assessment interviews 

in this part of the study. Subjects were recruited by using referred contact information or 

publicly available contact information from store managers and company websites. The 

identified participants were sent an introductory letter (Appendix D) through e-mail 

describing the project and intent for the telephone interview. Interested participants were 

then asked to contact the researchers to set up a convenient date and time to conduct the 

interview. 

 Interviews were conducted by reading each question from the questionnaire sheet 

and providing ample time for the participant to respond. The interviews were not 

recorded but were documented by the researcher through typed responses and structured 

note-taking. Data were collected and summarized both quantitatively and qualitatively to 

identify the key themes and responses from the producers and buyers.  



40 

 

Produce Fact Sheets 

 A series of consumer-friendly, down-loadable fact sheets with nutrition, safe food 

handling, and recommended storage guidelines was developed to help promote selected 

Colorado specialty crops including apples, berries, broccoli, leafy greens, melons, 

peaches, peppers, potatoes, squash, and tomatoes (Appendix E).   

Design and Development 

 The objective of this part of the project was to utilize research-based information 

to create a series of produce fact sheets to educate consumers on basic nutritional aspects, 

safe food handling, and storage guidelines for select Colorado specialty crops. A content 

outline was developed for the fact sheets through collaboration with a graduate level food 

safety class. The major topics chosen for the fact sheet template included the following: 

(a) introduction, (b) seasonality, (c) selection, (d) handling, (e) storage, (f) nutrition facts 

panel, (g) potential uses, (h) recipes, (i) general nutrition, (j) food safety concerns, and (k) 

references and resources. In order to ensure accessibility, the fact sheets were written in a 

short format with simple language. Numerous prototypes were developed using 

Microsoft Word. Each prototype was reviewed by the graduate food safety class and 

voted upon for final layout, content, and aesthetics.   

 Expert review was conducted during the initial stages of development of the fact 

sheets. Reviewers were selected based on their expertise on each particular produce item 

or produce group. Prior to sending the fact sheets out for review, each expert reviewer 

was provided with a brief description of the project and asked to participate by reviewing 

the fact sheet and completing a feedback survey. The focus of the expert review was on 

the accuracy and usefulness of the content. Several rounds of revisions to the fact sheets 
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ensued through e-mail distribution to Master Food Safety Advisors (7), academic faculty 

(7), Extension agents (6), graduate students (6), industry professionals (2), producers (2), 

and peers (2). Each fact sheet was e-mailed to the specific expert reviewer with 

instructions for review and preferred dates of review completion. Changes were made 

according to comments and suggestions from the reviewers. 

 In addition to the finalized produce fact sheets, a produce fact sheet quiz 

(Appendix F) was developed to test the knowledge of readers or for use in a classroom or 

outreach curriculum. Two reading comprehension questions were chosen from each fact 

sheet for the quiz. The quiz was then posted on the Colorado State University Department 

of Food Science and Human Nutrition website (www.farmtotable.colostate.edu) on a 

page entitled ―Know Your Farmer/Know Your Food.‖  

Evaluation Instruments 

A formalized survey (Appendix G) to assess the usefulness and pre and post 

knowledge of the completed fact sheets was distributed using a Google Document online 

survey to ten reviewers per fact sheet (a total of 100 reviews). Survey participants were 

recruited from three sections of a graduate level course (EDRM 600- Introduction to 

Research Methods), a convenience sample of graduate students in the department, and an 

e-mail listserve for Master Food Safety Advisors. An e-mail was sent to each participant 

with the URL for the online survey which was active to collect responses for one week 

after the e-mails had been sent.  

A paired sample t-test was conducted to determine pre- and post-knowledge of the 

basic fact sheet topic as well as food safety and preservation. The results of the survey 
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questions regarding usefulness of specific fact sheet aspects were also summarized to 

identify areas where revisions were focused.  

Potential Uses and Availability 

 The produce fact sheets were intended to be used by both producers and 

consumers for the promotion of Colorado specialty crops. The fact sheets will aid in 

mitigating food safety concerns while promoting locally grown fruits and vegetables as 

healthful diet choices. Extension professionals and educators may also benefit from using 

or recommending these fact sheets to buyers and consumers of fresh produce. The 

finalized produce fact sheets were published on the Colorado State University 

Department of Food Science and Human Nutrition website on a page entitled ―Know 

Your Farmer/Know Your Food.‖  Each fact sheet as well as the produce quiz can be 

downloaded in PDF form and printed.  

Good Agricultural Practices Webinars 

 Although Colorado is a major producer of fruits and vegetables, as of May 1, 

2009, only 14 Colorado producers had successfully passed an initial audit under the 

voluntary United States Department of Agriculture (USDA) GAP/GHP Fresh Produce 

Audit Verification Program. The purpose of the audit-based system is to verify the risk of 

contamination has been minimized through the use of good agricultural and handling 

practices.  In order to address these issues, a series of three web-based GAPs and GHPs 

trainings were developed, implemented, and evaluated targeting small farm producers of 

fresh fruits and vegetables. The approach of developing technology-based training 

modules (webinars) allowed for improved accessibility to growers across the state while 

accommodating their variable time schedules. By participating in the webinar trainings, 
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growers, their employees, and other stakeholder groups in the food industry were 

provided the appropriate resources and information to aid in implementing Good 

Agricultural Practices and Good Handling Practices on the farm.  

Course Development 

 Farm to Table Food Safety for Colorado Producers was designed as an online, 

distance-based educational series primarily targeting Colorado producers; however, 

produce buyers, Extension agents, educators, students, and other industry professionals 

were also identified as potential participants. The first step in the project‘s development 

involved identifying course objectives for each webinar, with the intent to give 

participants a summary of important course concepts during three, one-hour webinar 

sessions. These objectives were adapted from the National Good Agricultural Practices 

Program developed by Cornell University (2009) and the current Food and Drug 

Administration‘s Guide to Minimize Food Safety Hazards for Fresh Fruits and 

Vegetables (1998).  To tailor the webinar sessions and course content specifically to 

Colorado producers, the initial telephone interview (needs assessment) as well as 

collaboration with the Colorado GAPs coordinator identified other topics of importance. 

Three modules were developed with content based on the following topics:  

 Module One-Introduction to Food Safety On the Farm: Foodborne illness, 

sources of contamination, regulatory landscape, third party audit basics, and 

worker health and hygiene  

 

 Module Two-Minimizing Risks During Production: manure handling and 

application, water quality, sources, and testing 

 

 Module Three-Minimizing Risks During Harvest and Post-Harvest: washing 

and packing operations, cooling and storage, and transportation and traceback 
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To assure content accuracy and validity, an expert review was conducted 

throughout the formative stages of each webinar. Academic and industry professionals in 

each field related to the webinar topics were contacted and sent the webinar presentations 

via e-mail for review. Several rounds of revisions ensued to produce credible and 

science-based presentations that reflected current industry practices, as well as current 

and possible future food safety regulations. Comments from reviewers were received by 

e-mail and were compiled and summarized using Microsoft Word. The presentations 

were then edited and revised per the suggestions of the expert reviewers. Finalized 

PowerPoint slides were then loaded into the Adobe Connect program one day prior to the 

scheduled webinar session to ensure their compatibility and proper display.  

Slides featured the main points for each lecture topic based on the adapted content 

from the National GAPs Program and the FDA guidelines. To boost participation and 

attention, an interactive quiz was conducted half way through each of the webinar 

sessions. Participants were able to choose the correct answer, see the results, and engage 

in discussion through the chat box. A loose script for the audio was also written to 

prompt the speaker for each slide. Webinar participants were able to see the PowerPoint 

slides advance on their computer screens while simultaneously hearing audio and seeing 

a live or static photo of the presenter. The intended length for each module was 60 

minutes, including ample time for questions and answers. Two remotely based guest 

speakers were invited to join the sessions to assist in answering questions at the end of 

the presentation.  
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Technology 

 Course content was presented on Microsoft PowerPoint slides utilizing Adobe 

Connect, an internet-based software conferencing program. Participants were provided a 

web link to log onto the Adobe Connect session at the time of the scheduled presentation. 

Participants did not need a name or password to enter the session, but were prompted to 

‗Enter as a Guest‘ into the online conference room.  Both audio and video were utilized 

to broadcast the presentations from a location on the Colorado State University campus. 

Each session was recorded and active links were created for post-presentation viewing. 

The active links for the recorded presentations were then posted on the Colorado State 

University Department of Food Science and Human Nutrition Farm to Table Food Safety 

website. In addition to the recorded and posted webinar sessions, a PDF of the 

PowerPoint slides (Appendix H) was created and posted onto the Farm to Table website 

for download. Participants were able to communicate with the presenter, session 

moderator, and other webinar participants through a chat box feature. The chat box was 

also utilized to collect participants‘ names and e-mail addresses for attendance purposes. 

In addition to on-site broadcasting equipment, audio was connected via telephone for two 

remotely based topic experts in the field of GAPs and organic agriculture. 

Recruitment 

 Participants were recruited by utilizing ten different electronic mail listserves 

through Colorado State University and the Colorado Department of Agriculture reaching 

from local producers in Colorado to more remote locations, even as far as Guam. The 

recruitment e-mail included either a.) A plain text description of the webinar series or b.) 

A description of the webinar series with attached PDF of the webinar invitation 
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(Appendix I). Included within the invitation was a web link directing interested 

participants to a Google Documents survey (Appendix J). The survey was designed as a 

method to track attendance as well as collect demographic and self-reported pre-

knowledge and topic interest information. Through this survey, informed consent to 

participate in the webinars and subsequent evaluative surveys was implied.  

Launch 

 After discussion with several producers and Extension professionals, it was 

determined that late winter/early spring would be the best time for producers to attend the 

sessions due to their seasonal availability.  Sessions were conducted on three 

Wednesdays in March 2011 during the lunch hour, from noon to 1:00 PM, so that 

producers had a better opportunity to attend the sessions without interrupting their busy 

work day. Each session had more than 50 participants in attendance. For those 

participants who were unable to attend a particular session, a recording of the 

presentation was made available on the Farm to Table website 

(www.farmtotable.colostate.edu) within five days of the original launch and before the 

next scheduled session.  

Incentive 

As an incentive, participants who attended two or more webinar sessions were 

eligible to receive water testing kits for fecal coliform and E. coli count (a $30 value) 

from the Colorado State University Environmental Water Quality Laboratory and a 

certificate of participation (Appendix K) in the series. E-mail addresses were collected at 

the time of the presentation through the chat box feature for attendance tracking purposes. 

Those who qualified for the incentive (attended two or more webinar sessions) were 
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contacted by e-mail within one week after the last webinar session to notify them of their 

eligibility and to provide instructions (Appendix L) for the next steps should they be 

interested in receiving a water testing kit. Qualified participants then provided a mailing 

address, phone number, and indication of whether they would like to receive both a water 

testing kit and certificate, or just the certificate. Water testing kits were mailed via 

campus United Postal Service (UPS) to each participant (32 total).  Each water testing kit 

included a 125 mL plastic sampling bottle, latex gloves, an ice pack, a pre-paid, overnight 

return mailing label, instructions for sampling methods, and a laboratory sample 

submission form. Upon receipt of the water testing kit, participants were given specific 

instructions for the return of the kits to the Environmental Water Quality Laboratory. 

Cumulative water quality data will be analyzed by another member of the research team 

in the summer months of 2011.  Results will be provided to each participant, including an 

interpretation of the data.  

Evaluation Instrument 

Feedback and evaluative information was gathered using pre- and post-

questionnaires. The first instrument was designed to collect demographic information, 

potential topics of interest for content development, and initial knowledge of the 

proposed webinar topics (Appendix J) using a Google documents survey in December of 

2010. Self-reported knowledge of the proposed webinar topics was evaluated using a 5-

point Likert scale format: no knowledge, slightly knowledgeable, neutral, moderately 

knowledgeable, and extremely knowledgeable. Proposed webinar topics included in the 

knowledge assessment were: food safety basics, food safety legislation, liability, third 

party auditing, worker hygiene and health, manure management, water quality and 
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irrigation practices, washing and packing operations, cooling and storage, transportation, 

and traceability and recall.  

The second evaluative piece developed for the three-part webinar series was a 

course evaluation instrument (Appendix M). Upon completion of the third webinar, a list 

of participant e-mails was compiled and used to distribute a Google Document evaluation 

survey and further information about the project incentive. The follow-up survey 

included initial evaluation questions related to the presentation content, speakers, and 

features. Participants were also asked to rank their knowledge of the webinar topics using 

the same 5-point Likert scale used in the pre-evaluation instrument. The last basic 

evaluation question asked each survey participants to indicate their profession. Based on 

their profession, participants in the survey were forwarded  to a specific page tailored to 

their answer.  Producers were asked the most rigorous set of questions to collect 

behavioral intent data. Extension professionals, educators, and industry professionals 

were also asked to rank their intent to utilize the recorded sessions, materials presented, 

and knowledge they obtained from the webinars directly or indirectly in their profession.  

Data Analysis 

Data that were collected from the pre- and post-surveys were analyzed 

qualitatively or quantitatively, depending on the type of question. All quantitative 

statistical tests were conducted using SAS Windows software (release 9.2). Differences 

between the mean scores of the pre and post knowledge questions were evaluated using a 

t-test to compare self-reported knowledge on a 5-point Likert scale. Qualitative responses 

were reviewed and then categorized according to general themes of statements.  
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CHAPTER IV: RESULTS AND DISCUSSION 

 There were three parts to this study designed to focus on the safe production and 

handling of a variety of Colorado grown produce crops. The first part was a needs 

assessment to identify perceived benefits and barriers encountered by small farm 

producers and commercial buyers of Colorado produce to participating in fresh produce 

audit verification programs, such as GAPs. Part two consisted of the development and 

evaluation of ten consumer-friendly fact sheets containing nutrition, safe food handling, 

and recommended storage guidelines to promote selected Colorado specialty crops. In 

part three, a three-part web-based GAPs/GHPs series targeting small producers of fresh 

fruits and vegetables was developed, implemented, and evaluated. 

Needs Assessment 

A needs assessment was conducted to identify the perceived benefits and barriers 

encountered by small farm producers related to participating in fresh produce audit 

verification programs as well as gather information from commercial buyers and 

distributors of Colorado produce on potential opportunities.  

Producer Demographics 

 Demographic information was collected from nine producers who completed the 

telephone interview. Table 4.1 shows the demographic distribution of participants by 

gender, size of farm, producer profile, water source, farm items produced/sold, primary 

methods of sale, and GAPs audit participation. As shown, most interviews were 

conducted with males, most often who were the farm owner. The majority of interview 
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participants farmed between two and eight acres of land with a variety of organic and 

conventional fruits and vegetables. The most common irrigation water sources were 

municipal (45%) and surface water (36%). Irrigation water quality plays a significant role 

in the safety of fresh produce. Contamination of both surface and ground water sources 

may occur from infected livestock or improperly treated effluents, such as sewage from 

treatment plants (Bihn & Gravani, 2006). 

 The original target number of participants to be recruited for the producer 

telephone interviews was 15-20 fruit and/or vegetable producers from various regions 

across Colorado. Thirteen producers responded (17% response rate) with interest to 

participate in the study. A total of eleven telephone interviews were conducted. Two 

participants requested not to have their information shared or decided to end the 

telephone interview prematurely.  The researchers experienced challenges in both initial 

response rate and willingness to share potentially sensitive information. Given the narrow 

sampling frame (focusing on small growers in Colorado), as well as the volume of non-

response, it appears the sample of producers interviewed may not be representative of a 

broader set of produce growers across the nation. The sample may also be biased toward 

producers who may be more supportive of GAPs and other food safety regulation and 

were more willing to share their current on-farm food safety practices.  
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Table 4.1: Demographic distribution for producer needs assessment participants (n=9). 

 Category      Frequency (%) 

Gender of interview subject 

 Male      8 (89%) 

 Female      1 (11%) 

Size of farm 

 >8.0 acres     1 (11%) 

 4.0-8.0 acres     4 (45%) 

 2.0-4.0 acres     3 (33%) 

 <2.0 acres     1 (11%)  

 Producer Profile       

 Grower/Packer/Shipper   4 (45%) 

 Grower/Packer    2 (22%) 

 Grower     3 (33%) 

Water Source
 a
       

Municipal     5 (55%) 

Well      2 (22%) 

Surface     4 (44%)  

Farm Items Produced/Sold
a
                                                                                                           

Organic Fruits     3 (33%) 

Organic Vegetables    4 (44%) 

Conventional Fruits    2 (22%) 

Conventional Vegetables   5 (55%) 

Beef/Poultry     2 (22%) 

 Flowers     3 (33%) 

Primary Method of Sale
a
 

 Farmers‘ Market 4 (44%) 

 CSA      3 (33%) 

 Local Store 3 (33%) 

 Farm Stand     2 (22%) 

 Wholesale     2 (22%) 

GAPs Audit Participation 

 Yes      2 (22%)   

 No      7 (88%)  
aUnaided response- Totals sum to more than 100 percent because respondents could enter multiple responses  
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Producer Interview Summary 

Semi-structured interviews were conducted with nine producers and lasted an 

average of 15 minutes (range, 8-25 min). In order to identify the potential drivers for 

adopting GAPs, a series of questions were asked about producers‘ requirements and 

current practices regarding on-farm food safety. In addition, future participation and 

interests in fresh produce audit verification programs were assessed (Table 4.2). Four out 

of nine producers were required to provide handling or documentation of food safety 

practices to their buyers. Specific information requested by produce buyers was organic 

standards, packing specifications, lot numbers (for traceability), temperature logs, and for 

two producers, proof of GAPs audit participation. Providing this information to produce 

buyers strengthens business connections and keeps all parties up to date on current on-

farm practices for food safety. Open and transparent communication between buyers and 

sellers can help identify and mitigate food safety risks encountered on the farm 

(Chapman, 2005b). Five producers indicated they had been asked to detail their 

production methods to their buyers. Two of the producers indicated this was a necessity 

to ensure proper practices for the production of organic fruits and vegetables. However, 

the remaining producers noted this conversation was typically brief and occurred when 

the purchase agreement was made but did not necessarily include specific information 

about on-farm food safety. Providing verification of proper agricultural practices to 

buyers, both for food safety purposes and the co-management of land, can demonstrate 

the adopted program or set of standards is achieving its intended goals (Chapman, 

2005b).  

A majority of producers (67%) indicated their employees are required to 

participate in some sort of food safety training, prior to starting work. However, the 
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methods mentioned indicate a majority of producers (80%) do not have a structured food 

safety training curriculum and rely on on-the-job training to educate their employees. 

Only one producer mentioned the use of a science-based, food safety training video that 

included information on personal hygiene and produce handling. Two other producers, 

who were also processors of value-added fruits products such as cider and jam, had at 

least one employee on-site who had completed a food handler‘s ServSafe training during 

daily production. Insufficient training of food handlers on proper food safety and 

handling practices is a primary underlying cause contributing to the spread of foodborne 

illness (Medeiros et al., 2001).  Lack of worker personal hygiene is also an important 

factor resulting in contaminated produce reaching the end consumer. The degree of an 

employee‘s personal hygiene can have a direct impact on the transmission of pathogenic 

bacteria to produce being harvested (Todd et al., 2009). 

Both quantitative and qualitative losses occur in horticultural crops between 

harvest and consumption (Kader, 2005). Seventy-eight percent of producers responded 

they were aware of these issues surrounding post-harvest operations. Although 

temperature is primarily utilized to extend shelf-life by slowing down metabolic 

processes and retarding the growth of spoilage bacteria, it also plays a significant role in 

maintaining the safety of food. It has been shown that pathogenic and spoilage bacteria 

can proliferate at warmer temperatures, therefore resulting in an increased microbial load 

on the produce (McEvoy et al., 2009). In order to minimize the growth of harmful 

bacteria, if present, producers must take into account the perishability of their produce 

from the time of harvest through cooling, storage, and delivery.  
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Colorado producers‘ interest in learning more about food safety on the farm can 

be supported by a positive, 78% response rate for interest to participate in the educational 

webinars described in this project, Farm to Table Food Safety for Colorado Producers. 

In a 2010 report detailing producers, trainers, and regulatory agents‘ perspectives on 

GAPs curriculum, trainers and auditors most frequently cited that a lack of skilled staff 

and a shortage of money to provide educational trainings was a major barrier in 

producers‘ access to GAPs education (Butte, 2010). Furthermore, small growers were 

particularly at a disadvantage because of lack of financial support to implement farm-

specific food safety plans. Most often, small producers were using farm food safety plans 

or templates that were originally created for large produce productions. The webinar 

series developed through this research project can address both the financial and 

educational accessibility barriers encountered by small producers in Colorado.  
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Table 4.2: Producer telephone interview responses. 

 Survey Responses 

(n=9) 

Survey Responses: Producers Yes No 

 

Have any of your commercial buyers required specific 

handling or food safety practices before delivery of 

your products? 

Note: Specifications included- organic standards 

(2), packing specification (1), lot number (3), 

temperature specifications (3), GAPs Audit 

Certification (2) 

 

4 (44%) 5 (55%) 

Are your employees required to participate in any food 

safety training prior to starting work? 

Note: Specifications included- ServSafe (2), on-

the-job training (4), food safety video (1) 

 

6 (67%) 3 (33%) 

Does the perishability of your produce affect your post-

harvest or transportation methods? 

Note: Specifications included- refrigerated storage 

(4), refrigerated transportation (3), first-in/first-out 

methods (2), removal of field heat (1) 

 

7 (78%) 2 (22%) 

Are you required by your consumers or commercial 

buyers to provide information about the type of 

production methods that were used?  

Note: Specifications included- organic standards 

(2) 

 

5 (55%) 4 (44%) 

If a series of hour long online training webinars on 

GAPs was available at no cost, would you be interested 

in participating? 

 

7 (78%) 2 (22%) 

  



56 

 

Producer Barriers and Drivers for Adoption of GAPs 

Table 4.3 outlines the reported producer benefits and barriers to adopting GAPs. 

Only two out of seven of the interviewed producers had participated in a GAPs audit. The 

two producers who had experienced a GAPs audit were satisfied with how their programs 

were functioning, both as a marketing tool and method to assure food safety practices on 

the farm for reduced liability.  Although a few of the remaining un-audited producers 

described having ―food safety plans,‖ ―operating procedures,‖ or ―standard practices,‖ 

44% generally reviewed their current practices as sufficient with no need or strong desire 

to participate in a fresh produce audit verification program. Instead, these producers 

described specific practices, such as not using raw manure to fertilize their crops, as 

methods they believed would reduce the potential for a foodborne illness outbreak to 

originate on their farm. 

 Producers noted they did not always see the value of adopting specific GAPs, in 

terms of real risk reduction. GAPs trainers and auditors have cited this is one of the most 

common issues they encounter while performing or educating producers about audits 

(Butte, 2010). One auditor noted that changing the culture of traditional farming methods 

for those who have been in business for 50 or 60 years is difficult, but can be done by 

encouraging producers to consider the overall management of their farms. Many 

requested scientific evidence regarding which GAPs were proven effective. One producer 

voiced his concern that he felt GAPs were not based on common metrics, for instance, 

why producers have been instructed to locate vegetable production areas no less than a 

mile from a feedlot. Growers tended to express more concern about the sources of 

contamination they viewed as being ―outside of their control‖,  such as contamination 

from wildlife, flooding, or run-off from a neighboring farm. Time constraints, confusing 
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guidelines, and ever-changing regulations were also described as barriers to the adoption 

of GAPs. In response to these concerns, the webinars were launched at a convenient time 

of the year for producers and content was developed to address current and future 

regulations in the industry, such as the recently passed Food Safety Modernization Act 

(FDA, 2011).  

The cost of program implementation was cited as the second most common 

barrier to the adoption of GAPs. Half of the producers interviewed considered themselves 

small farms and indicated they were already optimizing their productions to be more cost 

effective in tight economic times. Three producers provided suggestions to help alleviate 

the economic burden of participating in third party audits including sponsoring cost-

shared opportunities for growers or providing additional grant money. In Colorado, the 

estimated cost of participating in a GAPs audit for a small producer is $368-$552 

annually (Vanderpool, 2011). This estimate includes the cost per hour for auditor services 

(typically 4-6 hours total) as well as potential changes that need to be made to become 

compliant with GAPs. The costs of GAPs adoption may vary widely depending on the 

type of crop grown, acres in production, and type of production system, prior to the 

adoption of GAPs. For example, a large, 47 acre strawberry farm located in California 

has an estimated cost of $8,000 for GAPs implementation. This amount is likely too large 

for most of the growers in the study, but is manageable for a larger-scale producer 

(Woods & Thornsbury, 2005).  

The telephone interviews with producers suggest that current food safety goals 

and activities on the farm are primarily driven by the desire to protect their financial 

interests. The risk of large economic losses, such as a plummet in sales (especially if the 
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produce is traced to a specific farm operation), damage to a producer‘s reputation, and 

potential law suits, may be reduced with adoption of GAPs practices and third-party 

auditing (Buckley & Reid, 2010; Butte, 2010; GAPsNET, 2009).  With a rise in the 

number of foodborne illness outbreaks associated with produce in the past 20 years, more 

produce buyers are requiring their suppliers to have methods in place for food safety.  As 

an added benefit to audit participation, producers may experience improved market 

access to meet the demands and desires of major super market chains, school systems, 

restaurants, and other market outlets (Rejesus, 2009).  

Another recurring theme of the telephone interviews was that media attention due 

to produce outbreaks is detrimental to the integrity of fresh fruit and vegetable production 

in the United States. Public concern and discussion of food safety and food-related risks 

has increased in recent years. For consumers in the United States, most knowledge of 

food safety issues is obtained through media outlets (Chapman, 2005). With each 

reported outbreak, there is potential for the erosion of trust in the safety of fruits and 

vegetables and the credibility of the industry that produces them. Several producers did 

see the value of GAPs in the event of a publicized foodborne illness outbreak; producers 

noted that having a system in place to reduce foodborne illness helps to increase 

consumer and buyer confidence that their produce is safe.  
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Table 4.3: Producer perceived barriers and drivers for the adoption of GAPs (n=9).  

Survey Responses: Producers Frequency (%)  

What do you think are the key barriers to implementing GAPs? 

Barrier
a
      

Current practices work, no need for implementation  

Cost of implementation 

Time constraints 

 One Size Does Not Fit All  

 Ever-changing regulations  

Guidelines are confusing 

Need feasible, credible standards    

 

 

 

4 (44%) 

4 (44%) 

3 (33%) 

3 (33%) 

3 (33%) 

2 (22%) 

2 (22%) 

What do you think are the key drivers to implementing GAPs? 

Driver
a
  

Protect financial interest 

Commodity specific guidelines 

Customer expectation/requirement 

 Public knowledge of outbreaks/media attention  

Land stewardship 

Shared responsibility 

 

 

3 (33%) 

3 (33%) 

2 (22%) 

1 (11%) 

1 (11%) 

1 (11%) 
aUnaided response- Totals sum to more than 100 percent because respondents could enter multiple responses 

 

Produce Buyer/Distributor Demographics 

Demographic information was collected from five commercial producer buyers who 

completed the telephone interview. Buyers were classified as individuals who serve in a 

management capacity for organizations that purchase produce from growers. These 

organizations may sell produce as retail, package the produce, or transport the produce to 

other retail customers. Five produce buyers and distributors agreed to participate (63% 

response rate) and were then sent a confirmation e-mail with the date and time of their 

telephone interview. All five produce buyers and distributors were interviewed at the 

scheduled date and time. Table 4.4 shows the demographic distribution of participants by 

gender, type of produce buyer, and primary sources of fresh produce. As shown, most 

interviews were conducted with males; three were quality control specialists and two held 
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produce manager positions. All five participants worked for large, nationally-based 

grocery chains. Buyers purchased the majority (80%) of their produce from large farms 

or wholesale distributors.  

Table 4.4: Demographic distribution for produce buyer/distributor needs assessment 

participants (n=5). 

  Category      Frequency (%) 

Gender of interview subject 

 Male       4 (80%) 

 Female       1 (20%)  

    

Type of Produce Buyer/Distributor 

 Large grocery chain     5 (100%) 

 

Primary Sources of Fresh Produce
a
 

 Large Farm 4 (80%)  

 Large Wholesaler 4 (80%) 

 Small Farm       2 (40%) 

 International      2 (40%)   
aUnaided response- Totals sum to more than 100 percent because respondents could enter multiple responses 

 

Produce Buyer Interview Summary 

Semi-structured interviews were conducted with five produce buyers that lasted 

an average of 18 minutes (range, 15-25 min). In order to identify the potential drivers for 

adopting GAPs, a series of questions were asked about the buyers‘ requirements for their 

suppliers regarding on-farm food safety. In addition, future participation and interests in 

fresh produce audit verification programs was assessed (Table 4.5). 
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Table 4.5: Produce buyer telephone interview responses. 

 Survey Responses 

(n=5) 

Survey Responses: Produce Buyers Yes No 

Do you require documentation of food safety, 

harvesting, or temperature management upon receipt 

of your fresh products? 

 

4 (80%) 1 (20%) 

Do you require your producers to participate in Good 

Agricultural Practices (GAPs) certification or other 

fresh produce audit verification programs? 

 

2 (40%) 3 (60%) 

Does your company help with the cost of third party 

audit certification, if required? 

 

0 (0%) 5 (100%) 

Are you planning to participate in these fresh produce 

audit verification programs in the future? 

 
5 (100%) 0 (0%) 

If a series of hour long online training webinars on 

GAPs was available at no cost, would you be interested 

in participating? 

 

5 (100%) 0 (0%) 

 

In the wake of the recently passed Food Safety Modernization Act, many 

producers were concerned about impending mandatory regulations for on-farm food 

safety. However, for small producers, exemptions from these proposed regulations exist. 

Farmers with total sales of less than $500,000 are exempt from requirements as long as 

half of sales are directly to "qualified end users," such as in-state consumers, restaurants, 

or grocery stores or to out-of-state locations if they are less than 275 miles from the farm  

(FDA, 2011). Despite these exemptions, all of the produce buyers interviewed indicated 

they have been moving toward GAP requirements, if they have not already mandated 

third-party audits for their suppliers. Only two of the interviewed produce buyers 

required their suppliers to participate in GAPs audits annually. However, four out of five 
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produce buyers required some type of food safety documentation to be provided. Most 

often cited by buyers for documentation was produce washing methods and temperature 

management logs. 

As identified in the producer telephone interviews, the economic costs must be 

weighed against the potential benefits of GAPs adoption for small producers. The 

produce buyers interviewed in this study did not provide additional aid in sharing the cost 

of the GAPs audit process with their suppliers. However, some states have adopted cost-

share programs to help shoulder the cost of third-party audits (Rejesus, 2009). While 

produce buyers may not always be willing to share the cost of third-party audits with 

their suppliers, all interview participants indicated that they were interested in obtaining 

additional education for themselves or their supplier to assist in completing a successful 

audit.  

Produce Buyer Barriers and Drivers for Adoption of GAPs 

Historically, producers and retailers have been hesitant to communicate their risk 

reduction strategies to consumers. By acknowledging that the producer or retailer is 

utilizing a risk reduction strategy may cause consumers to believe that there is something 

wrong with the product, in turn causing them to choose a product that does not 

acknowledge risks (Powell & Chapman, 2007). However, due to the increase in the 

number of foodborne illness outbreaks associated with fresh produce in the last 20 years, 

national attention has been directed towards grower practices and produce handling 

(Rangarajan, 2002). Although buyers noted that producers often have negative 

perceptions about GAPs audits being onerous, they noted that audits will be necessary to 

maintain market share in the future in response to the increased number and awareness of 
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foodborne illness outbreaks. Table 4.6 details buyers‘ perception on the barriers and 

benefits to participation in GAPs audits. 

Table 4.6: Produce buyers perceived barriers and drivers for the adoption of GAPs (n=5).  

Survey Responses: Produce Buyers Frequency 

(%)
a 
 

What do you think are the key barriers to 

implementing GAPs? 

Barrier      

‗One size does not fit all‘    

Cost of implementation   

 Time Constraint  

 Producer belief that GAPs are unproductive 

  

 

 

 

 

3(60%) 

2(40%) 

2(40%) 

1(20%) 

 

What do you think are the key drivers to implementing 

GAPs? 

Driver   

Buyer expectation/requirement 

Marketing strategy 

Protect financial interests 

 Maintain product quality and safety  

Commodity specific guidelines 

 

Are there specific crops you feel are of higher priority 

to be GAPs audited? 
Commodity 

Leafy Greens 

Tomatoes 

Peppers 

Melons 

Berries 

Root Vegetables 

 

 

 

 

3(60%) 

3(60%) 

2(40%) 

1(20%) 

1(20%) 

 

 

 

 

4(80%) 

4(80%) 

3(60%) 

3(60%) 

2(40%) 

2(40%) 

 

What type of information might help better prepare 

your suppliers for an audit? 

Response 

On-site visits 

Clear expectations from buyer 

Classroom training 

Printed guides 

Web-based materials 

 

 

 

 

3(60%) 

2(40%) 

1(20%) 

1(20%) 

1(20%) 
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In 2000, following the release of FDA‘s Guide to Minimize Microbial Food 

Safety Hazards for Fresh Fruits and Vegetables (1998), many major retailers 

communicated the requirement of participation in GAPs as overseen by approved third 

party auditors for fresh fruits and vegetables (Suslow, 2000). Produce buyers in this study 

indicated that standardized audits and regulations were not easily adapted to different 

types and sizes of farms. The ―one size fits all‖ approach to on-farm audits for food 

safety should not enable growers to become automatically GAP certified. Instead, 

growers must be properly educated on the science-based principles that are the 

foundation to GAPs in order to tailor food safety plans to their farm (Rejesus, 2009). As 

discussed in the producer interviews, time constraints as well as the cost of 

implementation were listed as potential barriers by produce buyers.   

Sixty percent of produce buyers said that buyer expectations and marketing 

strategies were the major drivers for the adoption of GAPs. Industry guidelines have 

driven the major reform regarding food safety in the produce industry within the last 

decade. The California Leafy Green Market Agreement, Produce Marketing 

Associations‘ Commodity Specific Guidelines for the Melon Supply Chain, and the 

Colorado Potato Administrative Committee are just a few examples of commodity 

specific food safety and GAPs guidelines put in place for producers of fruits and 

vegetables (Osterholm et al., 2009). Through partnership with industry associations, 

improved market opportunities exist for growers who are able to assure their buyers that 

they have followed the appropriate food safety practices on their farms (Bihn & Gravani, 

2006). One of the primary incentives for on-farm food safety programs is to maintain 



65 

 

market share and strengthen relationships with customers and consumers by enhancing 

trust through proactive food safety programs (Chapman, 2005). 

Although GAPs is a holistic approach to food safety and can apply to a variety of 

crop types, specific commodities have been shown to be at higher risk for foodborne 

illness outbreaks (Brackett, 1999). Coincidentally, when buyers were prompted to 

indicate which crops they believed were of higher importance to be GAPs audited, leafy 

greens, tomatoes, peppers, melons, and berries were listed. Repeated outbreaks have been 

associated with specific fruits and vegetables; including, but not limited to: tomatoes, 

melons, and leafy greens such as lettuce and spinach (FDA, 1998). Lastly, buyers were 

asked what type of materials might be of use to help prepare their suppliers to 

successfully pass a GAPs audit. On-site visits were mentioned most frequently, however 

this method is quite costly and may not be practical for smaller producers (Powell et al., 

2002).  Instead, clear expectations between buyer and producer, formal classroom 

training, and printed or web-based materials were suggested to improve grower 

knowledge and participation in GAPs.  

Produce Fact Sheets 

 A total of 100 different reviewers were chosen to participate in the evaluation of 

the produce fact sheets. Ten different reviewers for each fact sheet were asked to rate 

their knowledge of the overall fact sheet topic (apples, berries, broccoli, leafy greens, 

melons, peaches, peppers, potatoes, squash, and tomatoes) as well as their broad 

knowledge of food safety, unrelated to the fact sheet topic, before and after reading the 

material.  In addition, the reviewers were asked to rate the usefulness of the major topics 

incorporated into the fact sheet including: (a) introduction, background, and history, (b) 
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produce handling and storage, (c) nutritional information and recipes, (d) preservation, 

(e) fun facts and helpful hints, and (f) the overall usefulness of the fact sheet.  

 Pre to post-knowledge survey scores and mean change were evaluated for the first 

two questions in Tables 4.7 and 4.8 using paired t-tests. Appendix N details the self-

reported pre and post knowledge score frequencies for each of the individual fact sheets 

that were rated on a five point Likert scale, where 1= No knowledge and 5=Advanced 

knowledge . The overall knowledge of the fact sheet topic (one of ten produce items) 

indicated that reviewers had a basic or slightly above average knowledge of the topic 

prior to reading the fact sheet (Table 4.7).  For all fact sheets, positive score changes from 

before to after reading indicate that participants gained enough knowledge by reading the 

fact sheets to rate their perceived knowledge higher after reading. The apple, berry, and 

pepper fact sheets had the greatest positive mean change and significance from pre to 

post scores.  

In Table 4.8, reviewers indicated that their perceived knowledge of food safety, 

preservation, storage, and handling of that particular produce item after reading the fact 

sheet was higher than before reading the fact sheet. Also notable in Table 4.8, the melon, 

peach, and potato fact sheets had the lowest mean change in scores. This may be due in 

part to the fact that Colorado is a national leader in the production of those specific crops. 

Colorado residents may be more familiar with these commodities because of their local 

presence and national recognition, for instance peaches from the Western Slope, potatoes 

from the San Luis Valley, or cantaloupes from Rocky Ford. The results of Tables 4.7 and 

4.8 indicate the educational fact sheets are an effective tool to teach consumers about the 

safe handling of fresh produce.  
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Table 4.7: Mean scores for self-reported knowledge before and after reading the fact sheet (n=100). 

 

1
 Mean questionnaire score on a scale of 1-5; 5=Advanced knowledge and 1= No knowledge 

p<0.005
a
, p<0.01

b
, p<0.05

c
 

2
 ± Standard Deviation

 
 

Apple Berry Broccoli 
Leafy 

Green 
Melon Peach Pepper Potato Squash Tomato 

Please rate 

your 

knowledge of 

the fact sheet 

topic, before 

and after 

reading.
1 

Mean Pre-

Score 
3.0±0.94

2
 3.1±1.3 3.4±1.07 3.6±1.5 3.1±1.37 3.5±1.72 3.4±0.70 3.9±0.74 3.4±0.97 3.6±1.26 

Mean Post-

Score 
3.9±0.74 3.8±0.79 3.5±0.52 4.2±0.79 3.7±0.94 4.1±0.88 4.1±1.0 4.3±0.82 3.4±0.97 4.1±0.73 

Mean 

Change 
+0.9 +0.7 +0.1 +0.6 +0.6 +0.6 +0.7 +0.4 0.0 +0.5 

t Value -2.59
c
 -3.28

b
 -0.43 -1.96 -2.25 -1.96 -4.58

a
 -2.45

c
 0.00 -2.24 

6
7
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Table 4.8: Mean scores for knowledge of food safety, preservation, and produce storage and handling before and after reading 

(n=100).  

1
 Mean questionnaire score on a scale of 1-5; 5=Advanced knowledge and 1= No knowledge  

p<0.005
a
, p<0.01

b
, p<0.001

c
, p<0.05

d 

2
 ± Standard Deviation

  
Apple Berry Broccoli 

Leafy 

Green 
Melon Peach Pepper Potato Squash Tomato 

Please rate your 

knowledge of 

food safety, 

preservation, 

and produce 

storage and 

handling, before 

and after 

reading.
 1
 

 

Mean Pre-

Score 
3.1±1.52

2
 2.8±1.48 2.6±1.78 3.0±1.15 3.4±0.97 3.6±0.97 2.3±1.06 3.5±0.97 2.7±0.67 2.7±0.82 

Mean 

Post-Score 
4.1±0.74 3.6±0.97 3.7±0.82 3.7±1.06 4.0±0.82 3.7±0.95 3.9±0.88 4.1±1.1 3.7±0.48 4.1±0.88 

Mean 

Change 
+0.9 +0.7 +1.0 +0.7 +0.6 +0.1 +1.6 +0.6 +1.0 +1.4 

t Value -3.87
a
 -4.00

a
 -3.50

b
 -3.28

b
 -3.67

b
 -0.56 -9.80

c
 -2.71

d
 -6.71

c
 -6.33

c
 

6
8
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Table 4.9 summarizes reviewers‘ mean scores for the usefulness of the major fact 

sheet content topics. Of the six major topics incorporated into each fact sheet, nutritional 

and recipe information scored the highest (4.21) for usefulness. The handling and storage 

section was also of particular interest to reviewers, receiving an average score of 4.07. 

Reviewers indicated that the fun facts and helpful hints section of the fact sheets were the 

least useful (3.02). In response to these survey results, the fact sheets were edited 

appropriately to reflect the preferences of the reviewers on content. Overall, reviewers 

rated the fact sheets with a mean score of 4.34 for usefulness. The finalized fact sheets 

were shared with a group of Colorado Master Food Safety Advisors as well as a group of 

local growers at a Gardening Network meeting.  

Table 4.9: Mean scores for usefulness of major fact sheet (10) content topics (n=100). 

Fact Sheet Content Usefulness 
Mean Score 

± St. Dev
1
 

Please rate the material included in the introduction, 

background, and history of the fact sheet. 
3.73±1.0 

Please rate the material included in the handling and 

storage section. 
4.07±1.5 

Please rate the material included in the nutritional and 

recipe section. 
4.21±0.7 

Please rate the material included in the preservation 

section. 
3.51±1.0 

Please rate the material included in the fun facts and 

helpful hints section. 
3.02±1.2 

Please rate the overall usefulness of the fact sheet after 

reading.  
4.34±1.0 

1
 Mean questionnaire score on a scale of 1-5; 5=Extremely useful and 1= Not useful 
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These produce fact sheets may be used to facilitate the promotion and safe use of 

fresh fruits and vegetables by utilizing science-based commodity information. It has been 

shown consumer perception of the reliability of convenient materials, like supermarket 

brochures or fact sheets, can be enhanced by including statements from reliable sources 

(Bruhn & Schutz, 1999; Macfarlane, 2002). Producers may utilize the fact sheets to 

promote and maintain the quality of their produce items by informing their customers‘ on 

proper handling and storage techniques. Consumers may also benefit from the provided 

recipes, preservation instructions, and nutritional information as a value added to their 

produce purchase.  

The safety of consumer handling of fresh produce from the time of purchase to 

the plate should be emphasized not only at home during meal preparation, but also during 

transportation and storage after the produce has been purchased. Studies have shown 

most consumers believed foodborne illness was caused by food prepared somewhere 

other than home. The researchers found 65% of consumers attributed foodborne illness to 

food prepared at a restaurant, 17% thought mishandling occurred at the supermarket and 

17% at home (Bruhn & Schutz, 1999). In contrast, food safety experts believe sporadic 

cases and small outbreaks at home are far more common than those cases constituting 

recognized outbreaks.  

Educational outreach should target specific subpopulations, men, college 

graduates, higher-income households, and people younger than 65 years because of their 

higher frequency of unsafe handling and washing practices. In addition, six percent of the 

consumers responded they seldom or never wash fresh produce, and more than 35% 

indicated they do not wash melons before preparation (Li-Cohen & Bruhn, 2002). These 
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survey results illustrate the usefulness of credible, science-based commodity information 

which can be adequately addressed through the use and dissemination of the 

aforementioned produce fact sheets.  

Good Agricultural Practices Webinars 

 A series of three web-based GAPs/GHPs trainings (webinars) targeting Colorado 

small farm producers of fresh fruits and vegetables was developed, implemented, and 

evaluated. Each webinar had between 50 and 56 participants that logged on to the 

session. Not all participants who signed up for the webinar (a total of 114) logged onto 

the live session. Feedback and evaluative information was gathered using pre- and post-

questionnaires (Appendix J & M). As an incentive, interested participants received a free 

water testing kit from the Colorado State University Environmental Water Quality 

Laboratory (a $30 value).   

Demographics 

Participants signed up for the webinars using a Google documents survey in 

December of 2010.  The results shown in Table 4.10 display the demographic distribution 

of participants who logged onto the webinars and completed the post-webinar survey. 

Primary participants included producers and Extension professionals/educators.  Produce 

buyers, industry professionals, students, and government workers comprised a small 

percentage of the total webinar participants. Fifty-seven percent of participants were 

between the ages 46-65, indicating the use of web-based approaches to on-farm food 

safety education is well accepted by the aging population of growers in Colorado. In 

addition, 24% of the participants were 35 years old or younger, indicating that there is a 

growing interest from new farmers in becoming compliant with on-farm food safety 

standards.  
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Table 4.10: Demographic distribution for post-survey webinar participants by 

profession/age (n=61). 

 

Post-Webinar Survey Demographics    Frequency (%) 

Profession 

Producer      20 (33%) 

Educator/Extension Professional   14  (23%) 

Other       10  (17%) 

Produce Buyer      5  (8%) 

Industry Professional     4  (7%) 

Government/Regulatory    4  (7%) 

Student      4  (7%) 

Age 

18-25       5 (8%) 

26-35       10 (16%) 

36-45       8 (13%) 

46-55       19 (31%) 

56-65       15 (26%) 

66+       4 (7%) 

 

 

Webinar Development 

Identified course objectives were assessed for interest through the pre-evaluation 

(Appendix J) with the intent to give participants a summary of important course concepts 

during three, one hour webinar sessions. These objectives were adapted from the National 

Good Agricultural Practices Program developed by Cornell University (2009) and the 

current Food and Drug Administration‘s Guide to Minimize Food Safety Hazards for 

Fresh Fruits and Vegetables (1998).  Topics were assessed for potential inclusion into the 

webinar series according to participant interests in Table 4.11. Topics which yielded 

higher interest, such as food safety basics, cooling and storage, and washing and packing 

operations, were addressed appropriately to place more emphasis on content.  
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Table 4.11: Participant interests for webinar topics (n=114). 

Webinar Topic Frequency (%)
a
 

Food Safety Basics 92 (81%) 

Cooling and Storage 90 (79%) 

Washing & Packing Operations 89 (78%) 

Food Safety Legislation 77 (68%) 

Liability 73 (64%) 

Water Quality & Irrigation Practices 73 (64%) 

Worker Hygiene and Training 72 (63%) 

Transportation 62 (54%) 

 Manure Management 61 (54%) 

Traceability & Recall 57 (50%) 

3rd Party Auditing Basics 37 (32%) 

Other 2 (2%) 
a
Unaided response, totals may add up to more than 100% 

Webinar Evaluation 

 Pre and post evaluations of self-reported knowledge on the specific webinar 

topics were assessed statistically using an unpaired t-test based on a 5-point Likert scale 

where 1= No knowledge and 5=Extremely knowledgeable.  Table 4.12 displays the pre 

and post scores for self-assessed knowledge for each webinar topic.   

Table 4.12: Pre and post self-reported knowledge scores for webinar topics (n=114 

before, n=61 after). 

Webinar Topic Before After t-value 

Food Safety Basics 2.93 ± 1.02 3.38 ± 1.03 2.83** 

Cooling and Storage 2.60 ± 1.03 3.18 ± 1.03 3.52*** 

Washing & Packing Operations 2.29 ± 0.99 2.77 ± 0.76 3.35*** 

Food Safety Legislation 2.18 ± 0.98 3.33 ± 0.67 8.24*** 

Liability 2.12 ± 1.03 2.70 ± 0.95 3.71*** 

Water Quality & Irrigation Practices 2.43 ± 1.06 3.30 ± 0.93 5.39*** 

Worker Hygiene and Training 3.10 ± 1.01 3.47± 0.82 2.42* 

Transportation 2.38 ± 1.08 2.71 ± 0.89 2.07* 

Manure Management 2.63 ± 1.06 3.31 ± 0.78 4.41*** 

Traceability & Recall 2.01 ± 0.98 2.91 ± 1.08 5.68*** 

3rd Party Auditing Basics 1.75 ± 0.96 2.69 ± 0.93 6.28*** 
  *p<0.05, **p<0.01, ***p<0.001 

 1= No knowledge and 5=Extremely knowledgeable 
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 Webinar participants perceived their knowledge, pre-webinar, to be highest for 

the worker hygiene and training category. In previous studies, workers who were aware 

of GAPs were significantly more likely to provide hygiene-specific worker training than 

those who were not aware of GAPs (Jackson et al., 2007). Hygiene is relatively easy both 

to enforce and provide facilities and supplies with the advantage of being easily 

understood by farm managers and field workers.  The third-party auditing basics category 

was ranked lowest on perceived knowledge pre-webinar and subsequently had the second 

most significant increase in knowledge. With ever changing food safety legislation in the 

United States, it is no surprise that the participants ranked their knowledge in this 

category prior to the webinar sessions the lowest, but reported to have gained the most 

knowledge after watching the presentation. Traceability and recall also showed a 

significant increase in perceived knowledge; these topics have recently become of greater 

interest to the produce industry through CDC efforts to mitigate and identify sources of 

foodborne outbreaks (CDC, 2011).  

Webinar participants were asked to rate their overall experience with the 

presentation (Appendix M), including webinar activities, speaker quality, intent to view 

recorded sessions, and appropriateness of technology. Table 4.13 details the mean score 

for each of the survey questions. Appendix O contains the detailed Likert scale 

frequencies and percentages of responses for each question. From this data, future 

webinars can be designed to better fit participants‘ needs and desires. Although all 

evaluation questions had high mean scores, improving resources available to participants 

may aid in increasing the efficacy of future webinars.  
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Table 4.13: Mean scores for basic webinar evaluation questions rated on a 5-point Likert 

scale, 1=Strongly Disagree and 5=Strongly Agree (n=61).  

Webinar Evaluation Question                                                         Mean Score 

±St. Dev.                           

The presenter(s) provided quality information. 

 
4.56±0.62 

The presentation(s) was/were delivered at a comfortable pace. 

 
4.30±0.45 

The webinar topics were presented in a logical and easy to 

understand format. 

 

4.51±0.53 

I benefited from hearing or participating in questions at the 

conclusion of the session. 

 

4.08±0.76 

I plan to use the suggested resources provided at the end of 

the session to gain more knowledge. 

 

3.97±1.01 

The quizzes and critical thinking activities kept me engaged 

and interested in the presentation. 

 

4.38±0.33 

I plan to review the recorded sessions at a later date 

 
4.07±0.12 

The technology (Adobe Connect) was appropriate and easy to 

use. 

 

4.38±0.68 

 

Behavioral Intent 

  The theory of planned behavior hypothesizes that perceived control over one‘s 

own behavior, one‘s attitude, and the influence of others are precursors of behavioral 

intention. Ball and Wilcock (2010) have used socio-psychological models to describe 

factors that influence implementation of food safety behaviors in commercial food 

processing settings, few studies have been done to predict or explain food safety 

behaviors on the farm (Bihn & Gravani, 2006) . Most food safety practices provide 

knowledge to workers with the expectation that workers will translate the knowledge into 

practice (Green, 2008).  Unfortunately, numerous studies have been conducted that 
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indicate that although knowledge may be a necessary component of behavior change, it is 

not always sufficient to spark action. Human behavior is complex and multiple factors 

affect whether people may engage in a particular behavior. In this section of the project 

results, the researcher asked a series of profession-specific questions (Appendix M) to 

webinar participants to evaluate their behavioral intent as a result of participating in the 

webinar(s).  

Producers 

 Producers were asked the most rigorous set of questions after participating in the 

webinar series. Table 4.14 summarizes producers‘ intent to participate in future GAPs 

audits. Of the twenty producers who completed the post-webinar questionnaire, sixty 

percent were either likely or somewhat likely to participate in GAPs audits as a result of 

watching the webinar series. Only one producer reported currently being GAPs certified.  

Table 4.14: Producers‘ intent to participate in GAPs/food safety audits (n=20).  

Survey Question Frequency (%) 

After attending one or more of the GAPs webinars, 

how likely are you to pursue a GAPs/food safety 

audit for your farm?
a
 

 

Very Likely 6(30%) 

Somewhat Likely 6(30%) 

Neutral 4(20%) 

Somewhat Unlikely 1(5%) 

Very Unlikely 2(10%) 

I already participate in GAPs audits 1(5%) 
a
Unaided response, totals may add up to more than 100% 
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To delve further into producers‘ behavioral intent regarding on-farm food safety, 

a set of thirteen questions were presented during the survey and ranked on a three point 

scale for likelihood to participate in certain aspects of GAPs. Two additional choices 

were given, ‗I already do this‘ and ‗N/A‘, to assess whether producers already were 

incorporating these practices into their daily routines. The results of the producer 

behavioral intent questions are summarized in Table 4.15.   
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Table 4.15: Summary of producer behavioral intent for specific GAPs activities (n=20).  

 

Likely Neutral Unlikely 

I 

already 

do this. 

N/A 

Make sure worker hygiene facilities are 

regularly cleaned and kept stocked. 

 

10(50%) 3(15%) 0(0%) 7(35%) 0(0%) 

Improve or add worker hygiene facilities 

(appropriate hand washing stations, toilet 

facilities, signage). 

 

10(50%) 3(15%) 1(5%) 3(15%) 3(15%) 

Use proper composting techniques for 

animal manure. 

 

10(50%) 3(15%) 1(5%) 3(15%) 3(15%) 

Obtain composted manure from a certified 

supplier. 

 

1(5%) 5(25%) 3(15%) 3(15%) 8(40%) 

If using RAW animal manure, properly 

apply to fields to maintain a 120 day buffer 

zone before harvest. 

 

7(35%) 1(5%) 0(0%) 0(0%) 12(60%) 

Test irrigation water sources (surface, 

ground, or municipal) during the growing 

season for harmful bacteria (fecal 

coliforms, E.coli, etc). 

 

15(75%) 4(20%) 0(0%) 1(5%) 0(0%) 

Identify and reduce sources of 

contamination for irrigation water (ie. 

manure run-off, livestock access to water 

source). 

 

13(65%) 1(5%) 1(5%) 2(10%) 3(15%) 

Modify your method of irrigation water 

application (ie. change from overhead to 

drip). 

 

4(20%) 7(35%) 4(20%) 3(15%) 2(10%) 

Enforce proper post-harvest methods to 

reduce the chance for contamination of 

produce (ie. cleaning tools, machinery, and 

harvest bins). 

 

10(50%) 1(5%) 0(0%) 9(45%) 0(0%) 

Monitor and maintain safe water quality 

used in cooling and washing operations (ie. 

testing water, chlorination, other 

interventions). 

 

6(30%) 0(0%) 3(15%) 4(20%) 7(35%) 

Document transportation practices (ie. 

temperatures for pre-cooling, inspection for 

cleanliness). 

 

8(40%) 5(25%) 1(5%) 3(15%) 3(15%) 

Develop a traceback system for your 

products. 

 

10(50%) 6(30%) 3(15%) 1(5%) 0(0%) 

Educate your customers/buyers on how to 

properly handle produce for safety/quality. 
12(60%) 3(15%) 0(0%) 5(25%) 0(0%) 
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 Thirty-five percent of producers indicated they were already maintaining worker 

hygiene facilities, while 50% were planning to improve or add additional facilities for 

their operations. Jackson et al. (2007) cited that cost, lack of toilet suppliers in the area, 

proper plumbing, and low numbers of workers were major obstacles in providing 

adequate worker hygiene facilities.  In this study, 60% of producers responded they were 

not using raw manure for fertilization, those who were (35%) claimed to follow the 120 

day application buffer before harvest to minimize foodborne illness outbreaks. In 

previous studies, organic growers who were utilizing raw manure applications were more 

likely to suggest practices to reduce food safety risks than conventional growers. This 

trend may be explained by the structured record keeping requirements enforced by 

organic standards, in turn making producers more aware of the timing and application of 

manure (Rangarajan, 2000).  A majority of producers were also more likely, as a result of 

the webinar series, to test irrigation water quality (75%) as well as identify and reduce 

potential sources of contamination (65%).  A lack of universal water quality standards 

perpetuates the need for clear guidelines to be developed to improve grower‘s 

understanding and willingness to take action regarding safe sources of irrigation water 

(Okafo et al., 2003).  Lastly, 85% of producers responded they were either planning to or 

currently were providing their consumers with additional food safety information. While 

GAPs may help reduce foodborne illness outbreaks originating on the farm, consumer 

education should be paramount to any fresh produce business to assure proper handling 

and storage are followed (Li-Cohen & Bruhn, 2002).   
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Produce Buyers 

 Produce buyer expectations have been identified as one of the primary drivers for 

the adoption of GAPs in Colorado (Tables 4.3 and 4.6). Of the five produce buyers who 

completed the post-webinar evaluation, two said they were either likely or somewhat 

likely to require their suppliers to participate in GAPs audits, one was already requiring 

GAPs audits, and two were requiring specific food safety practices to be documented but 

not specific to GAPs (Table 4.16). Two produce buyers were already requiring specific 

food safety practices to be documented by their producers, however, only one indicated 

that GAPs audits were mandatory.  

Table 4.16: Produce buyers‘ intent to impose mandatory food safety/GAPs audits on 

their suppliers (n=5). 

 

Survey Question Frequency (%) 

After attending one or more of the GAPs 

webinars, how likely are you to require 

your suppliers to participate in GAPs or 

other audits for food safety on the farm? 

 

 

Very Likely 1(20%) 

Somewhat Likely 1(20%) 

Neutral 0(0%) 

Somewhat Unlikely 0(0%) 

Very Unlikely 0(0%) 

GAPs are required 1(20%) 

Other Food Safety Policies Required            2(40%) 
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Produce buyers were most likely to refer interested parties to the recorded 

webinar series as well as participate in future programming related to GAPs in effort to 

educate their suppliers (Table 4.17). The development of a GAPs curriculum for their 

business was not of high interest, most likely because other approved and available 

curriculum materials exist, such as those available from the Cornell National GAPs 

Program. A detailed summary of the survey data for this group is located in Appendix P.  

Table 4.17: Produce buyers‘ mean scores for behavioral intent (n=5).   

Produce Buyer Survey Mean Score
a 

±St. Dev.  

After attending one or more of the GAPs webinars, how likely 

are you to require your suppliers to participate in GAPs or 

other audits for food safety on the farm? 

4.5±0.24 

Refer interested parties/institutions/food establishments to the 

taped recordings of the webinars on the Colorado State Farm 

to Table Website. 

4.8±0.56 

Use the material presented to develop your own GAPs 

education/curriculum for your business and suppliers.  
3.2±0.67 

Inform or disseminate information about GAPs to your 

suppliers, gardeners, farmers, or other institutions (school 

lunch programs, community gardens, etc.) 

4.6±0.66 

Participate in future webinars or programs related to food 

safety on the farm and/or GAPs. 
4.8±0.32 

Use the knowledge you obtained from the GAPs webinars 

directly or indirectly in your profession. 
4.2±0.93 

a
Based on a 5-point Likert scale where 1=Very Unlikely and 5=Very Likely 
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Educators/Extension 

 In recent years, debate over Extension program delivery cost and the higher 

educational status of the typical Extension client has driven a movement to seek out and 

pilot new methods of providing information (Jones et. al, 2007). It has been argued that 

traditional methods of Extension program delivery may not be the most appropriate 

method to address today‘s more technologically advanced Extension audience.  Taking 

advantage of the convenience of distance education to provide learning opportunities for 

busy or geographically dispersed learners, Extension professionals and educators have 

begun to adopt and offer new methods of program delivery for a range of topics in 

agriculture. However, these methods must first be widely accepted by the facilitators, 

namely Extension educators, before clientele will accept these alternative methods to 

education (Allred & Smallidge, 2010).  

In this section of the survey, Extension professionals and other participants who 

considered themselves part of the educator group, were asked a series of questions 

regarding their intent to use, disseminate, and adopt the materials that they were 

presented during the webinars. Table 4.18 displays the mean scores for the likelihood to 

participate in certain activities surrounding on farm food safety and GAPs. This group 

was most likely to disseminate the information they obtained from the webinars to 

gardeners, farmers, and other institutions. They were least likely to develop their own 

GAPs curriculum. A detailed summary of the survey data for this group is located in 

Appendix Q. 
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Table 4:18: Extension Professionals and Educators‘ mean scores for behavioral intent 

(n=14). 

 

Extension Professional/Educator Survey 
Mean Score

a 

±St. Dev. 

Refer students/interested parties to the taped 

recordings of the webinars on the Colorado State 

Farm to Table Website. 

4.4±0.22 

Use the material presented to develop your own 

GAPs education/curriculum. 
3.7±0.04 

 Inform or disseminate information about GAPs to 

gardeners, farmers, or other institutions (school 

lunch programs, community gardens, etc. 

4.6±0.57 

Participate in future webinars or programs related 

to food safety on the farm and/or GAPs. 
4.4±0.27 

Use the knowledge you obtained from the GAPs 

webinars directly or indirectly in your profession. 
4.2±0.65 

a
Based on a 5-point Likert scale where 1=Very Unlikely and 5=Very Likely 

Industry Professionals/Students/Regulatory/Other 

 The remaining webinar participants who identified themselves as students, 

industry professionals, regulatory agents, or other, rated their likelihood to use, 

disseminate, or adopt the educational materials presented during the webinars using a 5-

point Likert scale. Out of all the webinar participants, this group was the least likely to 

develop their own GAPs curriculum. They were also less likely to use the knowledge 

they obtained during the webinar directly or indirectly in their profession. They did, 

however, indicate they had a higher likelihood to refer other interested parties to the 

recorded webinar sessions posted on the website. A detailed summary of the survey data 

for this group is located in Appendix R.  
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Table 4:19: Student, industry professional, and others‘ mean scores for behavioral intent 

(n=22). 

Students/Industry Professionals/Other  Survey 
Mean Score

a 

±St. Dev. 

Refer interested parties to the taped recordings of 

the webinars on the CSU Farm to Table Website. 
4.0±0.39 

Use the material presented to develop your own 

GAPs education/curriculum for your business. 
2.4±0.64 

Participate in future webinars or programs related 

to food safety on the farm and/or GAPs. 
4.3±0.69 

Use the knowledge you obtained from the GAPs 

webinars directly or indirectly in your profession. 
3.6±0.44 

a
Based on a 5-point Likert scale where 1=Very Unlikely and 5=Very Likely  
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CHAPTER V: CONCLUSION AND RECOMMENDATIONS 

 Food safety is truly a system-based concept.  Creating safe growing, handling, and 

food distribution systems requires all who are involved throughout the chain of 

production, from farm to fork. Although the concepts incorporated into Good 

Agricultural Practices are relatively simple, the efficacy of educational outreach materials 

and the subsequent adoption of these practices on the farm are somewhat unknown in the 

state of Colorado. In order to fill this void, this project evaluated small Colorado 

producers and commercial buyers perceptions‘ to implementing GAPs in addition to the 

launch of a three part webinar series containing basic GAPs curriculum materials tailored 

to this target audience. This research also aimed to promote a broader and more 

integrated food safety culture by encouraging proactive food safety attitudes and 

behaviors among consumers of fresh produce through a series of informative fact sheets.  

 This research suggests that producers‘ current food safety goals and activities are 

driven primarily by customer expectations, concern for legal and financial liability, and 

pending regulations. For small-scale growers, the adoption of GAPs was hindered most 

often by the producer perception that GAPs were unproductive and unnecessary, the 

financial burden of participating in audits, and the inconsistency of on farm food safety 

guidance across government and industry.  Most of the producers in this study were 

motivated to implement GAPs, or its‘ principles to some extent, in order to meet 

customers‘ expectations and seek improved market access. Buyers of fresh produce also 
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identified that the ‗one size fits all‘ approach to food safety on the farm is not an effective 

method to promote grower adoption of GAPs audits and principles. As a limitation to the 

study, the narrow sampling frame (focusing on small growers in Colorado) as well as the 

volume of non-response for the needs assessment may indicate the sample population 

interviewed is not representative of a broader set of growers in the region or across the 

country.  

In order to address the growing concerns of producers and buyers regarding the 

increased number of foodborne illness outbreaks originating on the farm, a convenient, 

web-based series of presentations was provided at no cost. As a result of participating in 

the webinar series, producers, buyers, and Extension professionals indicated they planned 

to utilize the information and resources provided. Specific topics related to GAPs such as 

irrigation water quality, management of manure and compost, and food safety legislation 

were of most interest to the participants and had the most significant increases in self-

reported knowledge, pre to post webinar. While factors that influence the implementation 

of food safety behaviors in commercial settings is well understood, few studies have been 

done to predict or explain food safety behaviors on the farm. Assessing producer 

behavior as well as buyer behavior in the fresh produce industry, more detailed and 

appropriate education materials can be provided to aid in the adoption of GAPs. The 

webinar series developed through this research project can address both the financial and 

educational accessibility barriers encountered by small producers in Colorado. As a result 

of the launch of this webinar series, the Colorado USDA voluntary GAP/GHP Audit 

Verification Program has experienced a reported three-fold increase in the number of 

inquiry calls to begin the process of GAPs certification (Vanderpool, 2011).  
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By participating in the webinars, producers, buyers, and Extension professionals 

who serve these target audiences now have a better understanding of the importance of 

using good agricultural and handling practices and the resources available to them. To 

complete the chain of food production, consumer handling of fresh produce from the time 

of purchase to the plate must be emphasized not only at home during meal preparation, 

but also during transportation and storage. The developed produce fact sheets may help 

address some of these issues and bring awareness to practical steps that can be taken 

towards a safer food supply.  Future research and development of on farm food safety 

educational materials should have a foundation built upon credible, science-based 

information which can be tailored to a wide variety of fruit and vegetable producers. 

While the web-based materials discussed in this study were successful in providing 

Colorado growers with the basic information and resources needed to pursue GAPs 

certification, future interventions should include hands-on practical approaches to food 

safety such as GAPs plan writing workshops and direct interaction with growers on the 

farm.  
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APPENDIX B 

Good Agricultural Practices Needs Assessment 

Survey Questions for Producers 

 

Demographics 

a.) Male/Female 

b.) Size of farm 

c.) Producer profile (Grower/Shipper/Packer) 

d.) Water Source 

e.) What types of products do you sell? 

f.) What are the primary methods you use to sell your products?  

(Direct markets, small stores, CSA, large stores, farm stand)  

g.) Have you ever participated in an on-farm audit related to GAPs/GHPs?  

i. If yes, how was your experience with the audit process? 

 

Requirements & Current Practices 

a.) Have any of your commercial buyers required specific handling or food safety 

practices before delivery of your products?   

i. If yes, what specifications did they have? 

ii. If no, have you considered providing extra information on how the 

produce should be treated post farm sale (ie. refrigeration, 

washing, or storage specifications for optimal safety and quality) 

of your products? 

 

b.) Are your employees required to participate in any food safety training prior to 

starting work?  

ii. If yes, what training do they complete? 

iii. If no, how do you ensure your employees are handling your 

products safely? 

 

c.)  Are you required by your consumers or commercial buyers to provide 

information about the type of production methods that were used?  

i. About where it was grown?  

ii. About when it was harvested? 

 

d.) Does the perishability of your produce affect your post-harvest or transportation 

methods? 

i. If yes, please provide any methods towards ensuring food safety. 
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e.) In general, how far is your product transported from your point of sale to end user 

and who is liable for product safety? 

 

Future Participation and Interests 

a.) Are you planning to participate in these fresh produce audit verification programs 

in the future? 

b.) What type of information might help you better prepare for your next audit? 

i. Web-based, in-person training, on-farm visit 

c.) If a series of hour long online training webinars on GAPs was available at no cost, 

would you be interested in participating? 

 

Barriers and Drivers of Adoption 

a.) What do you think are the key barriers to implementing GAPs? 

b.) What do you think are the key drivers to implementing GAPs? 
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APPENDIX C 

Good Agricultural Practices Needs Assessment 

Survey Questions for Produce Buyers/Distributors 

 

Demographics 

h.) Male/Female 

i.) Type of Buyer (wholesale, market, large store, small store) 

j.) What are your primary sources of fresh produce? 

i.  (Larger farms, smaller farms, local markets, etc.) 

 

Requirements & Current Practices 

i. Do you require documentation of food safety, harvesting, or temperature 

management upon receipt of your fresh products? 

 

ii. Do you require your producers to participate in Good Agricultural Practices 

(GAPs) certification or other fresh produce audit verification programs? 

 

iii. Are there specific crops you feel are of higher priority to be GAPs (or food safety) 

certified? 

 

iv. Does your company help with the cost of third party audit certification, if 

required? 

 

v. What are your thoughts on mandatory vs. voluntary approach to food safety? 

 

vi. What actions are taken if a producer you purchase from is involved in an outbreak 

of foodborne illness? 

 

Future Participation and Interests 

d.) Are you planning to participate in these fresh produce audit verification programs 

in the future (continuing or starting)? 

e.) What type of information might help better prepare your suppliers for an audit? 

i. Web-based, in-person training, on-farm visit 

f.) If a series of hour long online training webinars on GAPs was available at no cost, 

would you be interested in participating? 

 

Barriers and Drivers of Adoption 

c.) What do you think are the key barriers to implementing GAPs? 

d.) What do you think are the key drivers to implementing GAPs? 
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APPENDIX D 

February 19, 2010 

Dear Producer or Produce Buyer/Distributor: 

My name is Gretchen Wall and I am a M.S. student in the Food Science and Human 

Nutrition Department at Colorado State University.  My advisor, Marisa Bunning, Ph.D., 

Department of Food Science and Human Nutrition, and I are conducting a research 

project to identify perceived and operational benefits and barriers encountered by small 

farm producers in fresh produce audit verification programs. The title of this research 

project is: Farm-to-Table Food Safety for Colorado Producers: A web-based approach for 

promoting good agricultural and handling practices. The project is sponsored by the 

Colorado Department of Agriculture‘s Specialty Crops Competitive Grant Program and is 

part of my master‘s thesis. Dr. Bunning is the Principal Investigator for this project, and I 

am a Co-Principal Investigator.  

As a member of the local food industry, your expertise and opinions would provide a 

valuable perspective for this research project. Our first step will be to conduct interviews 

with fruit and/or vegetable producers from various regions across Colorado as well as 

retail produce buyers and distributors to determine potential benefits and opportunities 

for participating in such an audit system. You have been selected as a good representative 

for the type of information we are seeking. Your name was provided to us by an 

Extension agent or faculty member at CSU. The project‘s goal is to assess the willingness 

of local producers and buyers to participate in a GAP/GHP Audit Verification Program to 

better understand the barriers and potential incentives to utilization of these food safety 

tools and programs.  

Your experience and knowledge are very important to our understanding. We expect the 

interview will take about 10-20 minutes and we hope you will agree to be interviewed 

personally. There are no known risks to participating in this study as the information you 

provide will be kept confidential and will not be linked to specific individuals.  Your 

participation in this research project is voluntary and you may decline to participate and 

withdraw from the interview at any time. There are no known risks or direct benefits 

from participating in the study but we hope you will gain knowledge about good 

agricultural practices and audit programs.  

While there are no direct benefits to you personally, the researchers hope you see the 

project‘s long-range benefits which are to promote good agricultural and handling 

practices and that you will agree to participate. Participants will not be compensated for 

participating in interviews,  but producers will have an opportunity to take part at a later 

date in pilot on-line training sessions and would be compensated for their participation in 
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that part of the study.  We will obtain your consent during a phone call before contacting 

you to take part in future parts of the study. 

 

We hope that you will agree to participate. A member of our team will contact you and 

set up a time to conduct the interview. If you would prefer to contact us first, please call 

Gretchen Wall at 724-777-1113. If you have any questions about your rights as a 

volunteer in this research, contact Janell Barker, Human Research Administrator at 970-

491-1655.We look forward to hearing your ideas. 

 

Sincerely, 

 

Gretchen Wall                              Marisa Bunning, Ph.D.                        

Graduate Student                           Assistant Professor      

gretchenlwall@gmail.com     mbunning@cahs.colostate.edu      

724-777-1113        

                   

Department of Food Science & Human Nutrition 

Colorado State University 

Fort Collins, CO  80523-1571 

  

mailto:gretchenlwall@gmail.com
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Introduction 

 The following informational sheets focus on the safe production and handling of a 

variety of Colorado grown specialty produce crops sold directly to vendors and/or 

consumers in the raw state. These consumer-friendly down-loadable fact sheets include 

articles on nutrition, safe food handling, seasonality, selection, history, preservation, and 

recommended storage guidelines that can be used to help promote the following selected 

specialty crops: apples, berries, broccoli, cantaloupe, peaches, peppers, potatoes, spinach, 

squash, and tomatoes.   

 In recent years, there has been an increase in the number of foodborne illness 

outbreaks associated with fresh fruits and vegetables, affecting the health of millions of 

consumers and resulting in negative impacts on the produce industry. Leafy greens, 

melons, tomatoes, and peppers are examples of crops that have recently been involved in 

high-profile foodborne illness outbreaks. Specific information on the safe production and 

handling of produce crops sold fresh could help decrease the risk of contamination and 

prevent future outbreaks.  

 The current situation in our food supply counteracts health messages regarding 

the benefits associated with increased fruit and vegetable consumption. To maintain 

confidence in the farm-to-table food supply, the science-based commodity information 

presented in this booklet can help educate producers, buyers, and consumers on food 

safety risks and proper handling methods to provide a safe, wholesome meal.  

 In addition to this booklet, further information regarding food safety from farm to 

fork can be accessed at http://farmtotable.colostate.edu/.  The Colorado Extension 

website (www.ext.colostate.edu) contains information for consumers about crops, farm 

management, food and nutrition, gardening, insects, livestock, resources and youth 

development across the state. 

 

 

  

http://www.ext.colostate.edu/
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APPENDIX F 

How well do you know your produce? 

1.) What causes apples to turn brown after they are cut? 

2.) Where are the majority of nutrients located in an apple? 

3.)  How many days on average does it take a strawberry to travel from the farm to 

the hands of a consumer?  

 

4.) What causes broccoli to become tough and chewy? 

5.) What is the best way to remove garden pests from broccoli?  

6.) Should you wash the outside of a melon before cutting it? 

7.) What is the difference between a freestone peach and a clingstone peach? 

8.) What compound is responsible for the ―hot‖ flavor of many peppers?  

9.) What is the world‘s 4th largest food crop? 

10.) What form of cooking results in the greatest nutrient losses of potatoes? 

11.) Should spinach be washed before eating? 

12.) Along with corn and beans, what vegetable crop completes the Native American 

trio, called the ―Three Sisters‖? 

 

13.) How long can winter squash be stored? 

14.)  Is lycopene more available in processed tomato products or fresh tomatoes? 

15.)  Tomatoes are naturally acidic, so does that mean my salsa will be safe from 

harmful bacteria? 
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Answers 

1.) Apples brown due to a compound called polyphenoloxidase. When an apple is 

cut, these compounds are released from the cell and cause a browning reaction on 

the fruit. The more Vitamin C the apple contains, the less the browning may 

occur. Dipping apple slices in a solution of 50% water and 50% Vitamin C rich 

lemon juice will help prevent extensive browning and can help maintain 

crispness. 

2.) 2/3 of the fiber and many of the antioxidants in an apple are located in the skin! 

3.) Strawberries are picked, sorted, and packed in the field. They are cooled to 34°F 

and loaded onto refrigerated trucks. The average strawberry reaches the consumer 

within 24-36 hours of harvest! That‘s berry fast! 

4.) At room temperature, harvested broccoli will convert sugar into a fiber called 

lignin. The more time spent at room temperature, the more lignin is produced and 

the more fibrous your broccoli becomes! Keep broccoli refrigerated to extend the 

shelf life. 

5.) Soaking fresh locally-grown broccoli in salt water for 5-10 minutes can help in 

removing any unwanted garden pests. 

6.) Absolutely.  Before cutting open a cantaloupe, wash the outside rind thoroughly 

in a clean sink under cool running water. Scrub with a clean vegetable brush to 

remove any soil or bacteria on the rind that might be carried from the knife blade 

to the flesh during slicing. 

7.) Freestone peaches are used for the fresh market, whereas clingstone peaches are 

typically used for canning and processing.  

8.) Capsaicin is the compound responsible for the ―hot‖ flavor of many peppers. 

Jalapeno and cayenne peppers range from 2,000 to 25,000 Scoville heat units, 

whereas Tabasco peppers range between 60,000 to 80,000 units. Green Bell 

peppers are rated 0 on the scale because they do not contain capsaicin. 

9.) After rice, wheat, and corn, potatoes rank 4th as the most widely consumed food 

crop.  

10.) Nutrient losses are greatest when boiling; water soluble vitamins and minerals 

will leach out into the cooking water. To maintain the highest nutrition of a 

cooked potato, steaming or microwaving is recommended. 
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11.) Yes. To reduce the risk for food borne illness, always wash spinach with cool 

water before consuming. If growing spinach in your own garden, strive to keep 

out any animals. By removing sources of contamination prior to harvest, the 

chances for a harmful pathogen to be present on the spinach in your salad will be 

greatly reduced. 

12.) Hard shelled squash varieties are unique to North America. The earliest natives 

cultivated them and honored them as one of the ―Three Sisters‖, along with beans 

and corn. Many civilizations relied on the Three Sisters for sustenance as corn and 

beans made a complete protein and squash added beta-carotene and fiber to the 

diet. 

13.) A large, hard rind winter squash can be stored for up to 6 months at 50-55°F. At 

room temperature, winter squash can only be stored 2-3 months. 

14.) The lycopene in processed tomatoes (canned, ketchup, sauce) is actually more 

available to the body than that found in raw tomatoes. Heating breaks down the 

plant‘s cell walls, making the lycopene more accessible to the body. Lycopene is 

also better absorbed if consumed with a small amount of fat. 

15.) No. Foods such as pickles or salsa need to have an acid added if they are to reach 

a pH level of 4.6 or lower to prevent microorganism growth and/or survival. 

Microorganisms such as Clostridium botulinum, the bacteria that causes botulism, 

can survive and grow in some foods at certain pH levels. Although tomatoes 

naturally have a low pH, adding other ingredients with higher pH values may 

make the product unsafe to eat. Adding sufficient lemon juice or citric acid to the 

recipe will lower the pH, making a safe canned product.  
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APPENDIX H 

Webinar I 
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Webinar II 
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Webinar III 
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APPENDIX I 
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APPENDIX J 

Good Agricultural Practices Webinars 
Thank you for your interest in Good Agricultural Practices: Farm to Table Food Safety 

for Colorado Producers. Please take a few minutes to provide some information about 

yourself so that we may better understand our audience and interests.  

 

To access the live webinar, please log onto http://connect.extension.iastate.edu/coloag. 

Choose "Enter As A Guest". Type in your name and enjoy the presentation!  

 

Webinar Lunch Time Series:  

March 16: 12 PM (MT) Part I: Foodborne Illness, Contamination, Regulatory 

Landscape, Worker Health and Hygiene  

March 23: 12 PM (MT) Part II: Minimizing Risks During Production, Manure 

Handling & Application, Water Quality  

March 30: 12 PM (MT) Part III: Minimizing Risk During Harvest & Post 

Harvest, Washing and Packing Operations, Cooling and Storage, Transportation 

& Traceback  

 

If you have further questions, please contact Gretchen Wall at CSUGAPs@gmail.com.  

 
* Required 

First Name * 

  
 

Last Name *  

 
 

E-mail Address * 

  
 

Job Title *  

Producer/Grower 

Quality Assurance 

Produce Buyer 

Educator 

Regulatory/Government 

Extension 

Other:  

 

Company/Organization 

  
 

 

http://connect.extension.iastate.edu/coloag
mailto:CSUGAPs@gmail.com
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State * Please enter the state in which you reside. 

  
 

Age *  

<18 

18-25 

26-35 

36-45 

46-55 

56-65 

66+ 

 

Interest * 

Please check all topics that are of interest to you to be covered in the webinar series  

Food Safety Basics 

Food Safety Legislation (ie. Food Safety Modernization Act S.510) 

Liability 

3rd Party Auditing Basics 

Worker Hygiene and Training 

Manure Management 

Water Quality & Irrigation Practices 

Washing & Packing Operations 

Cooling and Storage 

Transportation 

Traceability & Recall 

Other 

Additional Interests If you chose "other" in the previous question, please provide a short detail of the topic 

you would like to be addressed. 
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Knowledge *  

Please rate your knowledge on each subject related to Good Agricultural Practices 

(GAPs). 

 1=Know Nothing, 5=Extremely Knowledgeable  

  
Know Nothing 

Slightly 

Knowledgeable 

Somewhat 

Knowledgeable 

Moderately 

Knowledgeable 

Extremely 

Knowledgeable  

Food Safety Basics (Pathogens, 
Outbreaks)        

Food Safety Legislation (Food 

Safety Modernization Act S.510)        

Liability (Risk Identification & 

Evaluation, Economic Loss Due 

to Outbreaks) 
       

3rd Party Auditing Basics 

(Resources, Communication)        

Worker Hygiene and Training 

(Hand Washing, Illness)        

Manure Management 

(Composting, Application)        

Water Quality & Irrigation 
Practices (Water Sources, 

Testing) 
       

Washing & Packing Operations 

(Chlorinated Water, Packaging 

Materials) 
       

Cooling & Storage (Product 

Storage, Pest Management)        

Transportation (Loading 
Practices, Temperature 

Management) 
       

Traceability & Recall (Record 
Keeping, Field of Origin)        
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APPENDIX K 
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APPENDIX L 

Farm to Fork Food Safety for Colorado Producers Webinar Series 

WATER TESTING KIT INFORMATION 

  

Thank you for your interest and participation in the Farm to Fork Food Safety for 

Colorado Producers Webinar(s). You have indicated an interest to receive a free water 

testing kit from the Colorado State University Environmental Quality Lab. Please read 

the following information regarding the receipt and proper use of your water testing kit. 

 

Testing Kit: The water testing kit will be mailed to the address you provided in the initial 

e-mail. Kits will include a paid return postage label, latex gloves, water bottle, ice pack, 

and specific instructions for sampling water sources.  

  

Sample Submission: Explicit instructions on when, where, and how to sample water 

sources on your farm will be included in the water testing kit. Samples must be overnight 

shipped or directly dropped off on Mondays, Tuesdays, or Wednesdays to the CSU 

Environmental Quality Lab.  

  

Directions and Hours of Operation: CSU Environmental Quality Lab. 

  

**Samples must be received by the water lab no later than 24 hours from when the 

sample was taken. Overnight shipping is essential if you are not directly dropping the 

sample off. 

  

Please use your local UPS office to arrange overnight shipping for your sample using the 

pre-paid postage stamp provided in the kit.  

  

Result Interpretation: Results of the water testing will be provided to you within 2-4 

weeks of receipt of the sample. Included in these results will be instructions on how to 

interpret the findings and apply them to your on-farm food safety plan.  

  

Time Line:  

April 18-22: Kits will be mailed this week to the address you provided. 

May 5: Deadline to return kits to the CSU Environmental Quality Lab. 

Mid-Late May: Results of water testing will be mailed to you.  

  

Participation: Your participation in this research study is voluntary and you may decline 

to participate at any time.  

  

Risks/Benefits to the Participant: There is no direct risk to the participants. Information 

gathered from the study may benefit local producers in the future by providing tools 

(water testing kit) to aid in the development and implementation of Good Agricultural 

Practices on the farm. The local economy and health of the populace will also benefit as 

confidence in the safety and quality of local produce increases and more fresh produce is 

purchased and consumed. 

http://www.ehs.colostate.edu/WEnviroQual/Home.aspx
http://www.ehs.colostate.edu/WEnviroQual/Home.aspx
http://www.ehs.colostate.edu/WEnviroQual/Home.aspx
http://www.ehs.colostate.edu/WEnviroQual/Home.aspx
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Confidentiality: Information obtained in this study is strictly confidential.  All data will 

be secured in a locked filing cabinet. Your name will not be used in the reporting of 

information in publications or conference presentations. 

If you have any questions about the water testing kits, please contact Gretchen Wall at 

CSUGAPs@gmail.com. Otherwise, expect to receive your testing kit within the next 10 

days.  

 

Thank you, 

Gretchen Wall 
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Dear Producer, 

 

Thank you for participating in Farm to Fork Food Safety for Colorado Producers 

Webinar(s). We are happy to provide you with this free water testing kit for use in 

the development of your on-farm food safety plan. Please follow the instructions 

carefully.  

 

1.) Identify the source of water you would like to test (surface irrigation pond, tap 

from well) 

2.) Use the appropriate sampling form instructions for your chosen water source. 

a. Use Form A for: Water samples from taps or faucets drawn from 

municipal water sources or wells. 

b. Use Form B for: Water samples from surface waters, irrigation ponds, 

lakes, streams, or other exposed bodies of water.   

3.) Use the CSU Environmental Quality Lab Sample Submission Sheet to fill out the 

contact information highlighted in yellow.  

4.) Use the CSU Environmental Quality Lab Sample Submission sheet to label date, 

time, and location of where the samples were collected.  

5.) Use the provided gloves while taking samples.  

6.) Follow sampling instructions (either Form A or B) carefully. 

7.) Refrigerate sample or put directly back into box with ice pack to mail or drop off 

at the CSU Environmental Quality Lab within 24 hours.  

8.) Be sure to include the Sample Submission form with the water sample and ice 

pack prior to dropping off or mailing.  

9.) Your results will be mailed to you with instructions on how to interpret the 

findings.  

 

 

Included in kit 

Disposable gloves 

Sampling container (125 mL bottle)  

Ice pack 

Shipping labels (If mailing to lab) 

2 sets of sampling instructions (Form A & B) 

1 CSU Environmental Quality Lab Sample Submission Form 

 

 

CSU Environmental Quality Laboratory 

Room 154 General Service Bldg. 

Fort Collins, CO 80523 

970-491-4837 

Lab hours: Monday-Thursday 8am-4pm.  

 

 

If you have any questions, please contact Gretchen Wall at CSUGAPs@gmail.com.  
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FORM B 

 

Water Sampling Protocol for Surface Waters 

 

1.) Write the date, time, and collection site (water source, irrigation equipment) on 

the CSU Environmental Quality Lab Sheet.  Verify that this information is correct 

before leaving the sampling site. 

 

2.) Collect water sample as close to point of use as possible.  This can mean from 

irrigation equipment in the field or in the water source, close to where irrigation 

equipment draws the water.  Select a spot that is not filled with dense vegetation 

or litter, where you can collect a sample of representative water.  If available, use 

a sampling stick.  Place bottle on sampling stick and secure with strap.  If you do 

not have a sampling stick, find a water access point where you will not disturb the 

bottom sentiment.   

 

3.) Place the provided clean gloves on your hands.   

 

4.) While wearing gloves, carefully remove the lid of the bottle making certain to not 

stick your fingers inside the clean bottle or on the rim.  Keeping the bottle clean 

will ensure a good sample collection.  Extend the sampling stick out into the 

surface water source and capture a sample large enough to fill the bottle to the 

shoulder.  Do not disturb bottom sediments.  If the surface water source is very 

shallow, this may be a challenge.  

 

5.) Place the lid back on the bottle and tighten.  Check to ensure cap is tightened on 

bottle. 

 

6.) Refrigerate samples within 15 minutes of collection. 

 

7.) All samples should be delivered to the lab within 24 hours after collection or 

shipped for overnight delivery.  If shipping more than one location/bottle to the 

lab in one day in the same box, be extra careful that all samples are properly 

labeled so that there is no confusion about the origin of the sample.  Ship samples 

with provided chilled ice pack.  

 

**DO NOT RINSE the container out- the substance inside preserves the water for testing. 

**DO NOT TOUCH the inside of the lid or container – it is sterile.  

**DO NOT LET THE SAMPLE FREEZE (keep sample refrigerated until delivered to 

lab) 
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APPENDIX M 

Good Agricultural Practices: Farm to Fork Food Safety for Colorado 

Producers 

 
Thank you for your participation in Good Agricultural Practices: Farm to Fork Food 

Safety for Colorado Producers. We'd appreciate if you'd take a minute to answer a few 

evaluation questions so that we may better understand how we can improve for future 

webinars and presentations.  

 

The recorded webinars and slides are posted on our website at: 

http://farmtotable.colostate.edu/gap-ghp.aspx 

 

 If you have any further questions, please contact Gretchen Wall at 

CSUGAPs@gmail.com.  

 

* Required 
 

Age *  

<18 

18-25 

26-35 

36-45 

46-55 

56-65 

66+ 

 

Which webinar session(s) did you attend? * Choose all live Adobe Connect sessions you attended.  

Part I - March 16, 2011: Foodborne Illness, Contamination, Regulatory Landscape, Worker Health 

and Hygiene 

Part II - March 23, 2011: Minimizing Risks During Production, Manure Handling & Application, 

Water Quality & Testing 

Part III - March 30, 2011: Minimizing Risks During Harvest & Post Harvest, Washing & Packing 

Operations, Cooling & Storage, Transportation & Traceback 

 

 

 

 

 

 

http://farmtotable.colostate.edu/gap-ghp.aspx
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If you did not attend all three sessions, why not? Choose all that apply.  

I had a prior commitment at that specific time. 

The time (of day) did not suit my schedule.  

The time (of year) did not suit my schedule.  

I was planning to view the recording online instead. 

I was not interested in that particular topic.  

I forgot.  

Other:  

 

How likely are you to visit the website to review a session you either attended or missed? * Choose all 

that apply.  

Very Likely 

Somewhat Likely 

Neutral 

Somewhat Unlikely 

Very Unlikely 

I already have 

I did not miss any 
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Please rate your level of agreement or disagreement with the following statements. *  

  
Strongly 
Agree 

Agree 
Neither Agree 
Nor Disagree 

Disagree 
Strongly 
Disagree  

The presenter(s) provided 
quality information        

The presentation(s) was/were 
delivered at a comfortable 

pace. 
       

The webinar topics were 
presented in a logical and easy 

to understand format. 
       

I benefited from hearing or 
participating in questions at the 

conclusion of the session. 
       

I plan to use the suggested 
resources provided at the end 

of the session to gain more 
knowledge. 

       

The quizzes and critical 
thinking activities kept me 

engaged and interested in the 
presentation. 

       

I plan to review the recorded 
sessions at a later date.        

The technology (Adobe 
Connect) was appropriate and 

easy to use. 
       

 
 

What is your profession? *  

Producer 

Produce Buyer 

Educator/Extension Professional 

Industry Professional 

Government/Regulatory 

Student 

Other 
 
  



188 

 

PRODUCERS: After attending one or more of the GAPs webinars, how likely are you to pursue a 

GAPs/food safety audit for your farm? * If you are not a producer involved in the growing and sale of 

fresh produce, please click the back button to return to the main survey to choose the correct 
profession.  

Very likely 

Somewhat Likely 

Neutral 

Somewhat Unlikely 

Very Unlikely 

I am already GAPs certified. 

 
PRODUCERS: As a result of attending one or more GAP webinars, please indicate the likelihood that 

you will participate in the following activities on your farm: *  

  
Likely Neutral Unlikely 

I already do 
this.  

N/A 
 

Make sure worker hygiene 
facilities are regularly cleaned 

and kept stocked. 
       

Improve or add worker hygiene 
facilities (appropriate hand 

washing stations, toilet 
facilities, signage). 

       

Use proper composting 
techniques for animal manure.        

Obtain composted manure 
from a ceritifed supplier.        

If using RAW animal manure, 
properly apply to fields to 

maintain a 120 day buffer zone 
before harvest. 

       

Test irrigation water sources 
(surface, ground, or municipal) 
during the growing season for 

harmful bacteria (fecal 
coliforms, E.coli, etc). 

       

Identify and reduce sources of 
contamination for irrigation 
water (ie. manure run-off, 
livestock access to water 

source). 

       

Modify your method of 
irrigation water application (ie. 
change from overhead to drip). 

       

Enforce proper post-harvest 
methods to reduce the chance 
for contamination of produce 
(ie. cleaning tools, machinery, 

and harvest bins). 
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Likely Neutral Unlikely 

I already do 
this.  

N/A 
 

Monitor and maintain safe 
water quality used in cooling 
and washing operations (ie. 
testing water, chlorination, 

other interventions). 

       

Document transportation 
practices (ie. temperatures for 

pre-cooling, inspection for 
cleanliness). 

       

Develop a traceback system 
for your products.        

Educate your 
customers/buyers on how to 
properly handle produce for 

safety and quality. 
       

 

PRODUCER BUYERS: After attending one or more of the GAPs webinars, how likely are you to 

require your suppliers to participate in GAPs or other audits for food safety on the farm? * If you are 

not involved in the purchase fresh produce, please click the back button to return to the main survey to 

choose the correct profession.  

Very likely 

Somewhat likely 

Neutral 

Somewhat unlikely 

Very Unlikely 

We already require GAPs audits for our suppliers.  

We already require some other type of on farm food safety policies of our suppliers, but not 

specifically GAPs.  
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PRODUCE BUYERS: As a result of attending one or more GAP webinars, please indicate the 

likelihood you will participate in the following activities: * If you are not involved in the purchase of fresh 

produce, please click the back button and choose the correct career.  

  
Very likely 

Somewhat 
likely 

Neutral 
Somewhat 

unlikely 
Unlikely 

 

Refer interested 
parties/institutions/food 

establishments to the taped 
recordings of the webinars on 
the Colorado State Farm to 

Table Website. 

       

Use the material presented to 
develop your own GAPs 

education/curriculum for your 
business and suppliers.  

       

Inform or disseminate 
information about GAPs to 
your suppliers, gardeners, 

farmers, or other institutions 
(school lunch programs, 

community gardens, etc). 

       

Participate in future webinars 
or programs related to food 
safety on the farm and/or 

GAPs. 
       

Use the knowledge you 
obtained from the GAPs 

webinars directly or indirectly 
in your profession. 
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EDUCATORS/EXTENSION PROFESSIONALS: As a result of attending one or more GAP webinars, 

please indicate the likelihood you will participate in the following activities: * If you are not an educator 

or extension professional, please click the back button and choose the correct career.  

  
Very likely 

Somewhat 
likely 

Neutral 
Somewhat 

unlikely 
Unlikely 

 

Refer students/interested 
parties to the taped recordings 

of the webinars on the 
Colorado State Farm to Table 

Website. 

       

Use the material presented to 
develop your own GAPs 

education/curriculum. 
       

Inform or disseminate 
information about GAPs to 

gardeners, farmers, or other 
institutions (school lunch 

programs, community gardens, 
etc). 

       

Participate in future webinars 
or programs related to food 
safety on the farm and/or 

GAPs. 
       

Use the knowledge you 
obtained from the GAPs 

webinars directly or indirectly 
in your profession. 

       

  

 

GOVERNMENT/REGULATORY, INDUSTRY PROFESSIONALS, STUDENTS, AND OTHER 

PROFESSIONS: As a result of attending one or more GAP webinars, please indicate the likelihood 

you will participate in the following activities: * If you are not involved in the purchase of fresh produce, 

please click the back button and choose the correct career.  

  
Very likely 

Somewhat 
likely 

Neutral 
Somewhat 

unlikely 
Unlikely 

 

Refer interested parties to the 
taped recordings of the 

webinars on the CSU Farm to 
Table Website. 

       

Use the material presented to 
develop your own GAPs 

education/curriculum for your 
business. 

       

Participate in future webinars 
or programs related to food 
safety on the farm and/or 

GAPs. 
       

Use the knowledge you 
obtained from the GAPs 

webinars directly or indirectly 
in your profession. 
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APPENDIX N 

Pre-knowledge score frequencies for each fact sheet on a.) general knowledge of the topic and b.) food safety, preservation, and 

storage and handling (n=10 for each fact sheet, total of n=100) 

 

 

  

 

 

 

 
Apples Berries Broccoli 

Leafy 

Greens 
Melons Peaches Peppers Potatoes Squash Tomato 

a.) Please rate your knowledge of the fact sheet topic, prior to reading. 

Nothing 1 0 1 0 1 2 2 0 0 0 0 

 2 3 2 3 2 0 1 1 0 2 2 

Basic 3 5 4 1 1 5 2 4 3 3 4 

 4 1 1 5 2 1 0 5 5 4 0 

Advanced 5 1 2 1 4 2 5 0 2 1 4 

b.) Please rate your knowledge of food safety, preservation, and produce storage and handling, prior to reading. 

Nothing 1 2 2 5 1 0 0 3 0 0 1 

 2 1 3 0 2 2 1 2 1 4 2 

Basic 3 4 2 1 4 3 4 4 5 5 6 

 4 0 1 2 2 4 3 1 2 1 0 

Advanced 5 3 2 2 1 1 2 0 2 0 1 

1
9
2
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Post-knowledge scores for each fact sheet on a.) general knowledge of the topic and b.) food safety, preservation, and storage and 

handling (n=10 for each fact sheet, total n=100).  

 

 

 

 

 
Apples Berries Broccoli 

Leafy 

Greens 
Melons Peaches Peppers Potatoes Squash Tomato 

a.) Please rate your knowledge of the fact sheet topic, after to reading. 

Nothing 1 0 0 0 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 0 1 0 

Basic 3 3 4 5 2 6 3 4 2 6 2 

 4 5 4 5 4 1 4 1 3 1 5 

Advanced 5 2 2 0 4 3 3 5 5 2 3 

b.) Please rate your knowledge of food safety, preservation, and produce storage and handling, after reading. 

Nothing 1 0 0 0 0 0 0 0 0 0 0 

 2 0 1 0 1 0 0 0 1 0 0 

Basic 3 2 4 5 4 3 6 4 2 3 3 

 4 6 4 4 2 4 1 3 2 7 3 

Advanced 5 2 1 1 3 3 3 3 4 0 4 

1
9
3
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APPENDIX O 

Summary of webinar evaluation survey questions regarding intent to watch recorded sessions 

and reasons for missing one or more of the live webinar sessions (n=61).  

Survey Question Frequency (%) 

How likely are you to visit the website to 

review a session you either attended or 

missed? 

 

Very Likely 20 (36%) 

Somewhat Likely 7(13%) 

Neutral 7(13%) 

Somewhat Unlikely 6(11%) 

Very Unlikely 1(2%) 

I already have 7(13%) 

I did not miss any 7(13%) 

  

If you did not attend all three sessions, 

why not? 

 

Prior commitment 17(65%) 

Time of day did not suit schedule 1(5%) 

Planning to view recording 2(10%) 
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Basic webinar evaluation survey responses rated on a 5-point Likert scale with 1=Strongly 

Disagree and 5=Strongly Agree.   

 Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

The presenter(s) provided 

quality information. 

 

37(61%) 21(34%) 3(5%) 0(0%) 0(0%) 

The presentation(s) was/were 

delivered at a comfortable 

pace. 

 

26(43%) 29(48%) 4(7%) 2(3%) 0(0%) 

The webinar topics were 

presented in a logical and 

easy to understand format. 

 

33(54%) 26(43%) 2(3%) 0(0%) 0(0%) 

I benefited from hearing or 

participating in questions at 

the conclusion of the session. 

 

22(36%) 27(44%) 7(11%) 5(8%) 0(0%) 

I plan to use the suggested 

resources provided at the end 

of the session to gain more 

knowledge. 

 

21(34%) 26(43%) 8(13%) 3(5%) 3(5%) 

The quizzes and critical 

thinking activities kept me 

engaged and interested in the 

presentation. 

 

29(48%) 28(46%) 3(5%) 0(0%) 1(2%) 

I plan to review the recorded 

sessions at a later date 

 

24(39%) 20(33%) 14(23%) 3(5%) 0(0%) 

The technology (Adobe 

Connect) was appropriate and 

easy to use. 

 

29(48%) 27(44%) 4(7%) 1(2%) 0(0%) 
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APPENDIX P 

Likelihood scores for specific behaviors of produce buyers regarding on-farm food safety 

practices and GAPs audits (n=5).  

 Very 

Likely 
Likely Neutral Unlikely 

Very 

Unlikely 

Refer interested 

parties/institutions/food 

establishments to the taped 

recordings of the webinars on 

the Colorado State Farm to 

Table Website. 

 

4(80%) 1(20%) 0(0%) 0(0%) 0(0%) 

Use the material presented to 

develop your own GAPs 

education/curriculum for your 

business and suppliers.  

 

1(20%) 0(0%) 3(60%) 1(20%) 0(0%) 

Inform or disseminate 

information about GAPs to your 

suppliers, gardeners, farmers, or 

other institutions (school lunch 

programs, community gardens, 

etc) 

 

3(60%) 2(40%) 0(0%) 0(0%) 0(0%) 

Participate in future webinars or 

programs related to food safety 

on the farm and/or GAPs. 

 

4(80%) 1(20%) 0(0%) 0(0%) 0(0%) 

Use the knowledge you obtained 

from the GAPs webinars directly 

or indirectly in your profession. 

 

1(20%) 4(80%) 0(0%) 0(0%) 0(0%) 
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APPENDIX Q 

Likelihood scores for specific behaviors of Extension professionals and educators regarding on-

farm food safety practices and GAPs audits (n=14).  

 Very 

Likely 
Likely Neutral Unlikely 

Very 

Unlikely 

Refer students/interested parties to 

the taped recordings of the 

webinars on the Colorado State 

Farm to Table Website. 

 

9(64%) 3(21%) 1(7%) 0(0%) 1(7%) 

Use the material presented to 

develop your own GAPs 

education/curriculum. 

 

7(50%) 2(14%) 2(14%) 0(0%) 3(21%) 

Inform or disseminate information 

about GAPs to gardeners, farmers, 

or other institutions (school lunch 

programs, community gardens, etc. 

 

11(79%) 2(14%) 0(0%) 1(7%) 0(0%) 

Participate in future webinars or 

programs related to food safety on 

the farm and/or GAPs. 

 

8(57%) 4(29%) 2(14%) 0(0%) 0(0%) 

Use the knowledge you obtained 

from the GAPs webinars directly or 

indirectly in your profession. 

 

7(50%) 5(36%) 0(0%) 2(14%) 0(0%) 
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APPENDIX R 

Likelihood scores for specific behaviors of the remaining webinar participants (students, industry 

professionals, regulatory agents) regarding on-farm food safety practices and GAPs audits 

(n=22). 

 Very 

Likely 
Likely Neutral Unlikely 

Very 

Unlikely 

Refer interested parties to the 

taped recordings of the webinars 

on the Colorado State Farm to 

Table Website. 

 

9(41%) 5(23%) 7(32%) 1(5%) 0(0%) 

Use the material presented to 

develop your own GAPs 

education/curriculum. 

 

2(9%) 1(5%) 6(27%) 8(36%) 5(23%) 

Participate in future webinars or 

programs related to food safety 

on the farm and/or GAPs. 

 

10(45%) 10(45%) 1(5%) 1(5%) 0(0%) 

Use the knowledge you obtained 

from the GAPs webinars directly 

or indirectly in your profession. 

 

7(32%) 3(14%) 9(41%) 2(9%) 1(5%) 

 


