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1. INTRODUCTION
Food safety has become one of critical issues being discussed all around the world.
Currently 1 in 10 people in the world will fall ill after eating contaminated food resulting
in the deaths of 420,000 people every year (WHO, 2014). This problem will become an
even bigger issue in the future because of different changes within the food system, with
one of the most impactful being climate change. The effects of weather, especially
temperature and humidity changes are expected to alter the survival and transmission of
bacterial, viral and pathogenic contamination of water and food. In terms of foodborne
pathogens this means that the rate of survival and the rates at which the pathogen could
then multiply, will be altered due to climate change. In cases such as Salmonella spp., a
foodborne disease that is heat dependent has been responsible for an estimated 50,000
deaths and that number would continue to increase as temperatures keep rising due to
climate change (WHO, 2018). Another impact of changes in weather patterns that lead to
increases in natural disasters such as floods, pose a food safety risk as well in the cooking
and storing of food and poor sanitation, leading to increases in foodborne diseases. At the
current rate climate change is expected to result in the death of 250,000 between the year
2030 and 2050, with food safety deaths contributing to this number as well (WHO, 2014).
The interest in food safety should be of importance in future research to determine the
probable impact of climate changes, and their impact on human and animal health. In
dealing with food safety issues, a variety of disciplines will need to be invested in research
to deal with the complexities surrounding food safety (Miraglia et al., 2009). The ways in

which food is produced is changing and those changes can sometimes be from consumers



who demand food safety and see it as an important value in buying food products (Smith
et al., 2010; Lusk and Briggeman, 2009).

Consumers are exposed to an influx number of positive and negative information
regarding food safety, this makes it critical to understand the perceptions and preferences
of these consumers. These influences come from media sources, recall information, and
development of policies to safeguard the food supply. Issues of declining consumer trust
in the food system stems from concern about new policies, technologies, and perception of
current agricultural practices and how it impacts the quality and safety of the food supply
(Smith et al., 2010; Rivera et al., 2018). The consumer is the driving force within the food
system, they demand and are challenging the food system to place more emphasis on their
needs and to meet their demands on healthy, safe, and environmental sound food products
(Gleaton and Anderson, 2003). While agriculture has increased production potential as well
as food safety standards, the growth of this system also poses the issue of a single source
of contamination rapidly being distributed through the food supply chain (Lusk and
McClusky, 2018). The introduction of legislation as well as the implementation of the Food
Safety Modernization Act (FSMA) is a government response to changing the way
producers conduct themselves within the food safety system and their response. The focus
of FSMA although geared towards producers, consumers should be aware of the policy
because of the potential impacts that unsafe foods can have on consumer health and the
economy. The consumer knowledge of food safety policies is critical for consumers to
understand how policy makers are working to protect them and working to move from

reaction to prevention of food safety issues (FDA). Although food continues to become



incrementally safer, there are still challenges to making food safer and more scientific
understanding is needed to make decisions that will benefit society (Smith et al., 2010).
Although food safety has been presented as a global problem, in order to
understand food safety and the impact that it has on consumers, this study will use Texas
as area of the study. There are a multitude of reason for selecting Texas as the study area.
Geographically, Texas is the biggest state in United States and recently we saw rapidly
increasing trend growth in population of due to migration to metropolitan areas in Texas.
Texas is home to four major cities that include Houston, San Antonio, Dallas, and Austin.
These areas have had population changes ranging from 2% to about 3% from 2016-2017.
In 2018, it was expected that 43.70% of the population growth that occurred within Texas
was due to migration to major cities (Valencia, 2019). This has led to the determination
of Texas ranking as the second most diverse state in America. This diversity was
determined based on a study of the socioeconomic, cultural, economic, household,
religious, and political factors (McCann, 2020). Considering a change in the
demographics of the population, it is necessary that we need to understand the consumers
perceptions to better serve them. A study of consumer perception is long overdue in
Texas, and this will act as a preliminary study. The study area of Texas is practical in

making conclusions and working within a specific budgetary constraint.



2. OBJECTIVE
Food safety perceptions and knowledge of consumers is a topic that has been thoroughly
studied. However, further study of how consumers’ knowledge affects their food
purchasing behavior is essential. The goal of the proposed project is to understand
consumer preferences in terms of food safety issues and food safety regulations. To
achieve this goal, the study identified the following objectives:
1. Analyze consumer perception of existing food safety issues and control measures in
the market.
2. Determine the change in consumers’ willingness to pay for products as information
about food safety changes.
Hypothesis 1: Consumers who are more knowledgeable about food safety issues and food
safety regulations would give more importance to such information in their purchasing
decisions.
Hypothesis 2: Consumers who prefer safer foods will be willing to pay more for safety-

related information.



3. LITURATURE REVIEW
3.1 Economic Issues of Food Safety
The attempts to stay safe and healthy are important because of the negative experiences
that are caused by contracting a foodborne illness. Food safety is defined as “potential
hazards associated with food that can cause ill health in humans” (Henson, 2003). The
topic of food safety has emerged as an important topic with scientists, economists, policy
makers and many others. Within food safety there are various types of bacteria, viruses,
parasites and chemicals that can negatively impact the health of those that consume foods
with any of these pathogens. Food safety has gained recognition in the world as it
continues to grow, and more and more food is being consumed away from home. These
problems also differ between developed and developing countries, but it remains a global
problem as trade has made the food supply chain significantly longer and leaves more
room for food to potentially be contaminated (WHO, 2019). These pathogens cause over
$15.5 billion in economic burden. This doesn’t include illnesses that aren’t reported as
foodborne related incidents; this loss can be in lost sick days as well as bills for doctors’
visits or any type of hospitalization, resulting in $1.8 billion dollars, productivity loss in
the amount of $856 million and lastly death related costs of $12.8 billion (Hoffmann,
2015). This economic cost can also be passed on to the producers because of
unwillingness to buy the product again or a negative image that is portrayed by the media
(Garcia-Fuentes, 2014). As more research is done on food safety and the pathogens
associated with foodborne illnesses, there is likely to be a change in the number of
incidences due to changes in processing practices, technology, food sourcing and

demographics. Although there are currently known and controlled pathogens there is the



potential for the emergence of new pathogens as well as reemergence of already
controlled pathogens that can change over time as they become antibiotic resistant
(WHO, 2019). In attempts to decrease economic lost, there have been major
governmental and industry strides, that include the development of government policy,
FSMA, and industry technology, blockchain. The provisions of FSMA include on farm
regulations of US produce production, traceability, written preventative control plans,
new import safety, enhanced State and local government partnerships, and to improve the
food safety management capacity of foreign suppliers (Hoffman, 2015). In addition to
government regulations new industry technology has begun to emerge such as
blockchain, which aims to deliver immediate information in the food chain that can be
used by major markets to ensure safety of food products. It can track down produce back
to the location of the incident and make sure those items are pulled immediately without
having to throw everything away in the process. The overall goal is food safety, waste
reduction, food freshness and sustainability (IBM Food Trust).

3.2 Non-compliance in the Food Supply Chain

Food safety issues can be broken into two areas, which are non-compliance in the food
supply chain area and the other is the misinformation in food handling practices at home.
In the agricultural supply chain, non-compliance refers to any business that does not
follow proper protocols or in other words do not comply and this puts downstream buyers
in the supply chain at a food safety risk, this includes the consumer (Hirschauer, 2004).
This is the part of the supply chain that consumers do not have direct access or a direct
look into the processes and regulations associated with the production of safe food

products. Antle (2001), determined that there are two ways that food safety issues within



food supply chains are communicated. They are called symmetric imperfect, in which
suppliers and buyers may ignore actual levels of contamination that might exist and
asymmetric information, which is private information that only a select people know and
usually consists of their personal ability and effort that they could put into mitigating
food safety hazards that may arise, but this is kept from counterparts. The recognition of
these two flows of information is important in understanding the role of buyers and
consumers in the market. Those buyers and consumers expect high levels of food safety
but access to that information can have a cost associated with it. As mentioned earlier,
since consumers can’t determine the safety of those products by direct observation, they
hold producers to a high standard of food quality and safety.

3.3 Consumer Food Safety Handling at Home

Often the food safety threat doesn’t have to be at the market level but can be a threat at
home. Those perceived risks that consumers have of food safety in the marketplace are
different than those risks that consumers might not acknowledge as their food leaves the
markets and into their homes (Sanlier, 2010). The food safety threat and the threat of
foodborne illness could be present when consumers aren’t aware of how their handling
practices can affect them or how other establishments such as restaurants are handling the
food they serve. If the safety isn’t being handled within the supply chain, then it has the
potential to move on to the consumers when they purchase food in the market or go out to
eat at restaurants. They perceive risks such as health, finance, time, and taste and these
are dependent on events in the environment, information, and regulations. Once
encountered, the consumers will change their habits based on these events to keep

themselves safe and healthy (Yeung and Yee, 2005). These safety risks are also passed



on to the consumers when they prepare food in the home. The food handling safety
between males and females and their education levels determined how knowledgeable
they were when preparing safe meals. The food handling behaviors of consumers can
vary based on age, sexual orientation, and education level. In a study that took different
points in the home and tested them for common foodborne illness strains such as
Staphylococcus, Escherichia coli (E.Coli), Listeria, and Campylobacter, it was found that
points within the home tested positive for all but Campylobacter (Azevedo et al. 2014).
These behaviors are then transferred to younger children in the household as they grow
up and prepare their own meals or prepare meals for others. When looking at students age
16-19, or those students most likely to work in the food service or prepare meals for
themselves, it was found that ethnicity can also be a significant factor in the preparation
of foods at home or the knowledge of young high school students (Burke and Dworkin,
2015). Ethnicity being a factor is due to the different types of foods that are consumed in
the household, the age that children began cooking their own meals, and the cycle of
doing things the way they were taught to do them.

3.4 Food Safety in the Marketplace

Consumer perceptions are important in deciding and buying in the marketplace. The
most important qualities are appearance, health, and safety. They want to buy the
healthiest and safest options, but many are unaware of the potential food safety problems
that exist. The previous thought was that foodborne illnesses could only be passed
through unsafe food handling practices and not from potential problems during planting

and harvest (Van Loo, 2010). In the market, consumers make the choice and hold all the



buying power. Many of these consumers are attempting to make quality food choices that
positively impact their health, environment, and awareness of food security issues.

In the market consumers gravitate towards specific statements made by brands
such as “antibiotic free” and “no GMO”. These statements offer a sense of security to the
people buying those products and the belief that these are safe products and better versus
conventional products (Ellison, 2017). These statements have varying degrees of
effectiveness based on age and education of the buyer and in cases ethnicity. In a study
of a predominantly minority Chicago charter school it was found that there were gaps in
the food safety knowledge that these students had. These gaps were important to note
because these students were involved in the food industry and as well as preparing meals
for their families. This could lead to various implications in the future and open them up
to foodborne illnesses or because of lack of knowledge cause an outbreak that could have
been prevented (Burke and Dworkin, 2015).

3.5 Food Safety at Farmers Markets

Farmers markets have increased in popularity due to access to fresh and local foods but
are the regulations up to par with the perceptions of consumers. Consumers are ready
and willing to purchase foods in these markets based on the perceived benefits of quality
and health (Beskik and Nagurney, 2017). Although these benefits are seen differently by
different generations, there are many factors that influence the buying habits of these
consumers such as their age, gender, income, and education level. Given multiple factors
the most significant of those was the differences in generations and their perceptions
toward farmers markets. Those perceptions varied between millennials and generation X,

in which millennials had a higher belief in food safety conditions at farmers’ markets.



Millennials would be more likely to frequent a farmer’s market due to the perceptions
and the assumption that there is little risk associated with shopping at farmers markets
(Yu et al., 2017). While understanding the type of person that would frequent the market,
there was a lack of relationship between the safety perception and the purchases that
those consumers make. This is only one side in understanding the prevalence of potential
food-borne illness or pathogens that might exist at farmers markets.

To understand the priority of consumers at farmers markets a survey was
conducted that targeted different visitors and asked a range of questions on the foods they
were buying and perceptions of risk and hygiene. They were also asked a series of
agreement or disagreement questions that followed the same line of questioning. The
outcome was that sellers believed their products were safe, so consumers placed all their
trust in the seller without hesitation. There was a major problem with the identification
of high-risk foods and them being placed into low-risk categories. The problem with
high-risk foods is the high possibility of catching a foodborne illness (Worsfold et al.,
2004).

Consumers are made aware of potentially foodborne illnesses in the supermarket
setting but not as much in farmers markets. This is important to address because more
and more consumers are switching away from mainstream supermarkets to farmers
markets for access to freshness, traceability, taste, quality, and organic (Worsfold et al.,
2004). In another study on farmers markets more emphasis was then placed on other
products such as meats and again a major focus on food safety perceptions. In most

cases, consumers had positive perceptions toward safety at farmers’ markets.
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Aside from production of local or organic foods for consumers another major
focus should be on the food safety issues that arise out of farmers markets where these
types of foods are sold. If a major food safety issue were to break out in one of these
markets it might impact the economic viability of producers who are able to provide local
and organic foods to consumers.

3.6 Impact of Food Safety Modernization Act on Food Safety and Consumers

While various research in the past has been done on food safety, the importance of food
safety and the health of the consumer is still a priority and will always be a priority. It is
especially important today with the implementation of The Food Safety Modernization
Act (FSMA). This was signed into law by President Obama and gives the Food and Drug
Administration the authority to protect consumer health and focus on food safety (FDA).
The primary goal of FSMA is to prevent foodborne illnesses that cause economic
problems that result in wages lost through foodborne illnesses that averages $694 million
to $1.4 billion for lost productivity due to illness and death (Crutchfield, 1995). Some of
the preventative controls that the FDA has put in place include mandatory preventive
controls for food facilities, mandatory produce safety standards, and authority to prevent
intentional contamination. FSMA has been referred to as revolutionary policy that will
change the way food safety is approached. Until FSMA, one of the latest policies on food
safety was in 1997 when President Clinton had the Department of Health and Human
Services (HHS), the U.S. Department of Agriculture (USDA), and the Environmental
Protection Agency (EPA) to identify possible improvements to food safety. Produce was
discovered to be the area of most food safety concern, so voluntary guidance was

provided on Good Agricultural Practices (GAPs) and Good Manufacturing Practices
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(GMPs). Since these were voluntary call for change and reform was asked for since more
and more people were being exposed to foodborne illnesses and major recalls were issued
(Collart, 2016). A response was needed, and that response was going to need to address
the major concerns that still existed.

Previous food safety laws have proved archaic to the modern processes and
changing landscape of current food safety issues. The Food Safety Modernization Act is
an update to current U.S. food safety policy with focus on (1) the global nature of the
food system; (2) the increased importance of both fresh/raw and highly processed
products in diets; (3) the increased importance of away-from-home consumption; and (4)
the tremendous technological changes that have taken place in food production, handling,
transporting, processing, and retailing (Knutson and Ribera, 2011). The main goal is to
focus food safety policy on preventing foodborne illnesses rather than just reacting to the
foodborne illness event.

Although FSMA expects the foodborne illnesses to be reduced and at the same
time reduce costs for costs of outbreaks and costs associated with recalls. While this is
important and significant to the discussion of FSMA there are consumer implications that
FSMA is not addressing, and it can cause economic problems with unregulated farms that
fall into that category. While the positives are more consumer confidence this confidence
probably won’t transfer to smaller farms which before FSMA were praised for their “no
GMO” and “organic” designation (Ellison, 2017). This leads to less consumer confidence
in these farms due to a food safety oversight and preference to produce that is regulated
under FSMA (Knutson and Ribera, 2011). This leads to a reduction in the willingness to

pay for certain products based on their safety, but prior to FSMA consumers were more
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willing to purchase from farmers markets and smaller farmers because of certain factors
such as fresh and free of antibiotics or non-GMO. The implementation of FSMA changes

that and reduces the confidence the consumers found in farmers markets and these

Figure 1: Supply curve and demand curve shifis due
to improved product safety adopted from Bovay &
Sumner, 2018

consumers also believed that nobody should be exempt from the rules that guide FSMA.
The implementation will also increase the marginal cost of production for those farms
who need to comply with FSMA regulation of produce. This then leads to an increase in
market price because the implementation will be passed on down to the consumers. This
is then counteracted with the changes in demand for consumers for a product that is safer
and reduces the risk of food-borne illness. Before FSMA, there would be a negative
demand response by consumers due to the perceived risk for consuming a product. It is
suspected through simulation that FSMA will cause a supply curve shift due to improved
product safety and positive demand shift (Figure 1). Although the costs are steep the
proposed demand shifts will allow smaller farms to regain their lost revenue faster

(Bovay & Sumner, 2018).
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With the years to come more research will aid in understanding the impact that
these rules have on food safety as well as consumer adaptation to FSMA (Ellison et al.,
2016). This is only one aspect of food safety and as time continues, rules and regulations
will need to change and adapt with the time. There are still problems that our food system
faces but with FSMA the road to a secure system might be in sight and new technology
might change the way businesses in the food sector operate.

3.7 Potential Problem for Food Safety: Threat of Agroterrorism

The threat of agroterrorism is important when discussing the implications of food
safety regulations especially when it comes to the Food Safety Modernization Act
(FSMA). Since the September 11" terrorist attacks the United States realized that there
were potential gaps in the food safety and security of the food supply and agricultural
economy. Food and agriculture are essential to the infrastructure of society and providing
products that sustain life (Turvey et al., 2007). Any attack on the complex agricultural
system can have a negative impact on the United States economy at various levels
(Kohnen, 2000). Since farm to market isn’t always as simple as it seems, there are
various stages before the food gets to the consumer’s plate. At each of these stages there
is a potential threat to the food supply that can cause serious health issues and economic
issues as well. Agroterrorism isn’t new; it was used during World War I, when German
agents infected United States horses and cattle, and since 1912 there have been 12
documented cases of pathogenic agents being used to infect or contaminate livestock
(Knowles, 2011). There are four categories of groups that pose a threat, the first being
transnational groups that aim to threat the economy of the United States. The second

group is economic opportunists that will try to manipulate the market and are aware of
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what various types of threats would do to the economy. The third group being domestic
terrorists which see attacks as any threat that could harm the US government, or these
could be disgruntled employees or individuals that aim to threaten others to fulfill their
own motives. The last and final group are animal activists that pose a threat because of
their views on animals as food (Olson, 2012). From each of these groups the biggest
problem that can cause a threat to livestock is food and mouth disease (FMD). The focus
on prevention falls in line with filling the gaps that exist in the food supply chain and
ensuring the consumers are protected from domestic and international threats to the food
system. This has become a problem that might need to be addressed more into the future
and the steps taken with FSMA ensure that gaps that could exist are located and
remediated.

3.8 Potential Problem for Food Safety: Climate Change

Climate change is projected to be a major disruptor for the U.S. economy. Climate
change is a major topic that has negative impacts for various sectors and economic issues
that occur within those different sectors. Climate change is anticipated to cause warmer
temperatures, rising sea levels, extreme weather, and also human health issues. As
previously stated, different disciplines will have to come together to understand the
complexities that surround potential food safety issues associated with climate change.
These issues are just assumed at the moment because although there has been extensive
research on climate change and food safety separately, the research associated with
linking food safety and climate change are still being researched and recognized as a
potential human health issue. This is an important focus since the agricultural sector is

the most vulnerable to climate change. Common commodity crops such as corn,
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soybeans, wheat, rice, cotton, and oats would suffer if temperatures rise above the
threshold that these plants can withstand. As temperatures rise, sea levels rise, drought
and water availability, and extreme weather patterns will put a strain on farmers which
will cause them to find alternatives or make improvements to their current production
methods which is then passed down to the consumer as price increases in the foods that
they consume.

Although there are many ways that climate change can impact food safety, six
issues have been identified by researchers already. These include the modification of
bacterial, viral, and pathogenic contamination, fungal growth and mycotoxins, algal
blooms, zoonoses, inland floods, extreme weather events. Currently, according to the
CDC there are 250 foodborne diseases that have been recognized by researchers, with the
most common being Norovirus, Salmonella, Clostridium perfingens, Campylobacter,
Staphylococcus aureus (Stap), Clostridum botulinum, Listeria, Escherichia coli, and
Vibrio. These foodborne diseases range from bacterial, viral, and pathogenic
contamination of food sources that can make people sick and, in some cases, require
hospitalization. The survival of these different sources of contamination in certain cases
is dependent on temperature and handling practices within the supply chain. It is not
known if the rising temperatures will cause these pathogens to mutate or change their
current behavior (Tirado et al., 2010). If this were to occur, it would be time and money
that would have to be spent in understanding the major effects that this could have on
foodborne pathogens and the consumers who could be impacted by it. Temperature rising
associated with climate change is also assumed to be responsible for fungal growth and

formation of mycotoxins moving into the future. Mycotoxins can cause serious illness as
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well as death in both human and animals. These fungal growths occur most often in areas
where the combination of temperature and humidity cause Mycotoxins to occur, with an
estimated 25% of the world’s yearly crop production containing the contamination of
Mycotoxins. The contamination of mycotoxins can occur in the field or post-harvest
given favorable conditions. Mycotoxin intoxication can occur in different geographical
regions throughout the world. Along with the potential for mycotoxin toxins there are
also aflatoxin, which impact maize and wheat crops as temperature rises. This rise in
temperature leads to a 6% reduction in yield of wheat crops (Zhao et al., 2017). These
temperature rises are also responsible for toxic fusarium to form on crops when they are
under heat stress. The last potential toxin to develop is phycotoxins, which occur when
there are large algae blooms that are produced. This is due to run-off of fertilizer into
oceans and impacting water-filtering organisms such as mussels and clams (Paeral and
Huisman, 2009). If weather changes continue to occur there is also the potential for the
rise in zoonotic diseases, these are diseases in which animals can pass them on to
humans. The temperature change that is anticipated would contribute to these outbreaks
of zoonotic diseases. In aquaculture, ocean warming will allow diseased animals to
continue to thrive and increase the residue that is noticed in fish and seafood products
that consumers eat (Naicker, 2011). With the outbreak of zoonotic disease as a concern
this leads rise to a new concern with the type of veterinary drugs that will be needed to
treat new outbreaks. This could impact both human and animal health due to vulnerability
to antibiotic resistance and the ability to fight off diseases. The last two potential impacts
of climate change include both the use of pesticides and the runoff of environmental

contaminants such as fertilizer. While pesticide residue in food has been an issue in the
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past it will continue to be a problem as crops have to shift to different areas and become
exposed to potential new pest threats. The use of environmental contaminates can impact
major water sources and increase the amount of pesticides and heavy metals from soil to
these water sources. This then becomes a problem with fish and seafood items that are
consumed by humans which may contain higher levels of mercury to be present. With
temperatures rising 1-degree Celsius, mercury increases of 3-5% can occur (Martinich
and Crimmins, 2019). Given the limited research on linking climate change and food

safety it seems as if it is a serious threat that should be given more attention.

3.9 Food Advancing Technology

Consumers want to make informed decisions on what they are consuming and
how it will affect their families and the environment, blockchain might be the solution.
There are products that enter the food supply chain that may be misbranded, mislabeled
or contaminated which could cause social and economic repercussions (Kshetri, 2019).
Under FSMA a priority area has become the traceability of food products. This
traceability of food products improves the consumer confidence in the food that they eat
and what they are willing to pay for it (Ellison et al., 2016). Within the United States, the
development of a blockchain system that ensure a safer food system is IBM Food Trust.
This development would enable unprecedented visibility during each step of the food
supply chain. Blockchain technology stores digitized records and promotes trust and
transparency to ensure a safer food system. IBM has developed Food Trust in a response
to issues within the food supply chain. Those issues are the slow identification of causes
of a food safety incident, gaps in supply chain monitoring where the supply chain

becomes vulnerable, and the outdated traceability practices that don’t match up with
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modern technology. The main goals with the implementation of blockchain are
transparency, traceability, and food confidence (IBM Food Trust). IBM Food Trust aims
to provide a more transparent communication system that protects consumers, saves
vendors money, and keeps food safety issues out of the media. The use of blockchain has
gained recognition and use by other companies such as U.S. retailer Walmart, U.S. based
Bumble Bee Foods, launch of blockchain platform to trace seafood in collaboration with
SAP, a German technology company, Golden State Foods, to track their beef supply
chain, and French retailer Carrefour, to track poultry in Spain (Kshetri, 2019). In 2017,
there were 456 recalls globally due to contamination and had an estimated cost averaging
$10 million that impacted various businesses (Food Safety Magazine, 2017;2018). The
safety and assurances that IBM Food Trust provides can only be done if companies as
well as people are willing to get on board and learn where their food is coming from. In
2018, after 18 months of testing IBM Food Trust, it was then put into action by
commercial retailers. After this implementation global retailer Carrefour, with locations
in France, Spain, Brazil and more, has led to their use of IBM Food Trust with the hope
to expand worldwide by 2022. In addition to Carrefour other companies that have joined
IBM Food Trust include Topco Associates, LLC, Wakefern, BeefChain, Dennick Fruit
Source, and Scoular and Smithfield (IBM News Room). The use of blockchain in food
safety management creates transparency in showing the supply chain and the path that
food takes from farm to table. Food product traceability has become a priority under
FSMA, because tracking of food could ensure that foodborne illness risk is reduced and
the potential loss of profit due to a recall is also reduced. The traceability of products also

improves consumers’ confidence in the food that they eat and their willingness to pay for
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those foods (Ellison et al., 2016). With the implementation of IBM Food Trust,
producers, manufacturers, distributors, retailers and many more aid in the overall
business operations and tackle challenges that relate to food safety and issues within the

food industry.
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4. METHODOLOGY
This study takes a qualitative research approach to understand the consumer and their
perceptions of current existing food safety issues and control measures in the market
while also determining if there is a change in consumers’ willingness to pay for products
as information about food safety changes. This was done in two parts, using focus groups
to gather baseline data and the development of four different consumer surveys with a
focus on different products such as seafood, cheese, meat, and produce.
4.1 IRB Approval for Consumer Study
This research has been approved by the Texas State Institutional Review Board (IRB)
which can be seen in Appendix A. The IRB “protects the rights and welfare of research
subjects conducted or supported by Texas State University. The IRB shall review,
approve the initiation or, conduct periodic review, and monitor research involving human
subjects”.
The Institutional Review Board (IRB) is an administrative body established to protect the
rights and welfare of human research subjects recruited to participate in research
activities conducted under the auspices of the institution with which it is affiliated.
The IRB is charged with the responsibility of reviewing, prior to its initiation all research
involving human participants. IRB is concerned with protecting the welfare, rights, and
privacy of human subjects. The IRB has the authority to approve, disapprove, monitor,
and require modifications in all research activities that fall within its jurisdiction as

specified by both the federal regulations and institutional policy.
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4.2 Focus groups

In order to answer the presented questions, a qualitative approach was used to gather data
to determine the current food safety issues and control measures in the market as
perceived by consumers as well as their willingness to pay for safe food products. To
achieve this goal the use of focus groups and consumer surveys was used. Focus groups
were held in three different cities in Texas. Those cities included Houston, San Marcos
and Dallas. These three cities were proposed based on their access to some of the larger
populations within Texas. Each focus group recruited participants through word-of-
mouth, social media postings, poster flyers, referrals, and craigslist. Interested
participants were then directed to fill out a questionnaire that asked basic demographic
questions to ensure that a diverse set of participants was selected. The goal was to recruit
about 12-15 participants for each focus group location, once going through the
questionnaire, 11 participants were selected for each focus group. The questions fell
within four different categories such as shopping habits and preferences, consumer
knowledge on food safety, terms in food safety, and picture analysis. The same type of
questioning was used across the three different focus groups. The responses from
participants during the focus groups were recorded and then analyzed with the help of
undergraduate research students. The analysis of the data from the focus group helped to
create a baseline knowledge of consumers regarding food safety knowledge, purchasing
factors, and shopping habits. This data was helpful in the development of the consumer
survey that combines these factors along with analyzing the price that a person would be

willing to pay as well as the inclusion of a price premium for safer food products.
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4.3 Survey Development

The data compiled from the focus group discussions gave a baseline of information about
consumers purchases and their knowledge on food safety. Using this data, a consumer
survey was developed to reach a larger population outside of the three focus group areas.
The sample population for the survey was selected using stratified random sampling, in
which key indicators such as city, gender, income level, age, and ethnic and race were
considered. The four different surveys were developed to gather information on cheese,
produce, seafood, and meat products. The survey utilized the contingent valuation
method to solicit the consumers’ willingness to pay for food safety. The surveys were
broken down into four different sections, contingent valuation method questioning,
general purchasing preferences and food safety knowledge, and demographics. The
elicitation of data focuses on the use of the contingent valuation method to analyze the
price that a person would be willing to pay based on the different scenarios in relation to
a certain food product as mentioned above. Survey questions were varied and included
Likert scales, and multiple-choice responses.

4.3.1 Survey Structure

Using Zainudin and Begum (2016) as a starting point in developing survey questions,
they offer a suggestion on what a contingent valuation survey contains. They state that
the following sections are typically included: a) an introductory section that sets up the
survey and prepares the participant to make decisions; b) description that is detailed and
offers a representation of the good(s) to be evaluated by participants; c) give the setting in
which the good(s) will be provided; d) the way that the good(s) will be paid for; ) the

survey elicitation method in which participants preference will be analyzed in respect to
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the good(s); f) follow-up questions to understand the participants and the way that they
answered questions the way they did; g) questions on participants characteristics
including attitudes and demographics. In order to build on the main component of CV,
the first section will gather information about the consumers preferences, these questions
will serve as an indication as to what consumers are looking for in the market and these
questions will differ based on produce, seafood, meat, and cheese purchases. The next
section would be consumer knowledge on food safety based again on the type of product
that the specific survey is focusing on. These questions would focus on statements
regarding regulations, safety labelling, and government and industry intervention in food
safety. These two sections will allow us to partially fulfill one of our main objectives to
ultimately determine if their knowledge plays a role in them giving more importance to
food safety information when they make purchases.

In the CV scenario, dichotomous choice is one approach that is used in CV and
uses a particular set of questioning to infer a person’s WTP based on a given initial
price/payment question and then asking a follow up payment question. The structure of
the questioning will first ask a baseline question to determine if they would pay a set
price for a particular product. Then based on their response to the first question, a new set
of prices will be given based on if the participant responded with “yes/no”. For produce,
a person will be given a price that will be determined based on the market value of the
product to be used. This is the initial amount that a person would be willing to pay, this
would then be followed up with a new set of prices that are based off the person
answering yes or no to the question. If yes, is indicated then two more monetary values

that increase by $.50 will be given for the person to then select “yes or no” at the two
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given price points. This structure would then continue to be used in questioning with the
difference being in the scenario that impacts the product that has been selected. The other
price points to be discovered would be based on organic products, a negative source of
information being introduced, and a positive source of information being introduced. This
data would then be used to analyze if there is a willingness to pay a premium price for
safer food products.

4.3.2 Contingent Valuation Method

The contingent valuation method (CV) “seeks to measure individuals’ value for the
environmental goods directly, by asking them to state their preferences for the
environment” (FAO, 2000). The contingent valuation is a method of estimating the value
that a person places on a good. This also means what utility that they derive from a
particular good. This approach is widely used to elicit a person’s willingness to pay
(WTP) to obtain a specified good that has been outlined. This is done in place of real-life
observation of behaviors in the marketplace. CV is meant to mimic the behaviors in the
regular marketplace by creating a hypothetical market in which no transfer of real money
is made (McFadden, 1994). For this survey, the contingent valuation method was used to
create a hypothetical market in which consumers were given different scenarios and
asked to answer questions on four different products such as, catfish, packaged cheese,
ground beef, and romaine lettuce and indicate their willingness to pay.

4.3.3 Survey Participant Selection

Once all four surveys were completed, they were entered into Qualtrics, a web-based
survey tool used to conduct survey research and other data collection activities. The

Qualtrics team worked with the distribution of the survey using stratified random sampling
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with key indicators such as city, gender, income level, age, and race as a consideration. In
addition to those indicators this survey was only open to Texas based residents since this
is a consumer survey with the goal of understanding consumers perceptions in food safety
in Texas. Qualtrics then sent the survey out to participants within their personal database
that met the following requirements and allowed them four weeks to complete the survey
and then after those four weeks it would be closed. Once the survey had closed Qualtrics
provided us with the data of the completed surveys that would then be organized for
qualitative data analysis. Of the surveys distributed for cheese products, 278 completed
surveys were returned out of 282 surveys that were started resulting in a response rate of
98.6%. For meat products, 270 surveys were completed out of 359 that were started with a
resulting response rate of 75.2%. For produce products, 279 surveys were completed out
of 514 that were started resulting in a response rate of 54.3%. And finally for seafood
products, 265 surveys were completed out of the 552 that were started with a response rate
of 48%. Overall, each survey had over 200 participants that completed the surveys that
were started by those participants that received an email to participate in the research
survey.

4.4 Qualitative Data Analysis

The data was analyzed using descriptive statistics, each individual consumer survey was
also be broken down into four individual sections, demographics, consumer purchases
and preferences, consumer food safety knowledge and attitudes, and consumers’
willingness to pay. Each survey will follow the same pattern and the descriptive statistics
will provide a summary of the data collected during the survey process. The use of charts

and tables will be used to describe what the data collected from the surveys is showing.
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With over 250 respondents for each survey distributed, the descriptive statistics will help
to simplify the large amounts of data into a manageable form that will tell a story of
consumers preference and knowledge on food safety, as well as how their willingness to
pay might differ based on changing food safety information.

4.5 One-Way ANOVA and Tukey Test

A one-way ANOVA was used to check the means of all four groups of products with 7
different price points for comparison to determine whether the mean differences between
these four products are statistically significant. Since the results of the ANOVA test
cannot tell us which groups are statistically different from each other a post hoc test was
conducted after the ANOVA. After receiving the results of the ANOVA, a post hoc test
was used. Tukey’s test was used to compare all possible group pairings to compare the
group means. Each product had a display of seven different comparisons in the study,
with difference between group means, and the adjusted p-value for each comparison. The
adjusted p-value identifies those comparisons within the group that are significantly
different. When comparing the adjusted p-values to the difference between groups means
it is statistically significant.

4.6 Simple Linear Regression

A simple linear regression was done to try and model the relationship between price and
various variables such as food safety knowledge, gender, income, and others. The
regressions proved to be statistically insignificant, so while this is a preliminary process a
more sophisticated model is needed to determine how much consumers are willing to pay

for food safety using a multinomial logistic regression.
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5. RESULTS
The results from all three focus groups and four different commodity surveys are
presented in the following chapter. The following results look at the participants food
purchasing preferences as well as their knowledge of food safety standards and
regulations that currently exist. Each section will present the data collected starting with
the focus groups and moving into seafood products, cheese products, meat products, and
produce products with a series of tables and figures that present the data that was

collected for each commodity.

5.1 Focus Group Demographics

The focus groups took place in different cities within Texas, since Texas is
demographically different in certain areas, the basic demographics of the participants was
recorded as shown in Table 1, to have a record of the focus group areas and to be able to

reference if needed during the analysis of the focus groups.
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Table 1. Demographics of all three focus group participants (n=11)

San Marcos ~ Houston Dallas
Characteristic Participants  Participants Participants
n=11 n=11 n=11
Gender
Female 72.7% 63.6% 63.6%
Male 27.3% 36.4% 36.4%
Race
Hispanic / Latino 63.6% 18.2% 18.2%
Caucasian 27.3% 36.4% 27.3%
African American 9.1% 36.4% 45.5%
Asian 9.1% 9.1%
Education
High School / Trade Certificate 45.5% 9.1% 36.4%
Associate Degree 9.1% 27.3% 27.3%
Bachelor's Degree 45.5% 36.4% 27.3%
Master's Degree 0.0% 27.3% 9.1%

5.2 Focus Groups Results

During the three focus groups there were a series of question asked to the respondents
that are listed in Appendix A, there were four different question cluster groups. Those
questions cluster groups included, shopping habits and preferences, consumer knowledge
on food safety, terms in food safety, and picture analysis. Participant’s responses were
analyzed with the help of undergraduate research students and the themes between those
three focus groups are discussed in brief in the results. The team of undergraduate

research students complied notes and listed to audio recordings from all three focus group
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locations to provide a complete and comprehensive picture of the views and opinions of
participants. Additional summaries of each individual focus group can be found in
Appendix C.

The following results are broken down into the four questions clusters of shopping habits
and preferences, consumer knowledge on food safety, terms in food safety, and picture
analysis. Within these four groups, major themes were identified, and a brief summary of

all focus group respondents is included.

Question Cluster #1: Shopping habits and preferences

Seafood, Produce, Cheese and Meat Preferences — The main take away from the focus

group is that price is an important factor when consumers are selecting their food items.
Other important qualities include appearance, color, cleanliness, and freshness.
Especially when buying proteins such as meat and seafood products, the color and
freshness were important qualities. This also led to the conclusion that different types of
markets might be sought out to obtain the freshest items. For example, those that live
closer to coastal areas would prefer a local seafood option and also consumers might seek
out farmers markets to ensure they have the freshest produce available. When it came to
cheese products consumers were more specific and agreed that a specific brand came to
mind when thinking of cheese products and that more expensive cheese was associated as
being better. Consumption of these products happens weekly with the exception of
seafood products that consumers consume seasonally around what is available in the

market.
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Product Labeling — There was a debate among the participants in the focus groups on the

benefit and purchase of organic food. The one common point was that organic food was
expensive food. There were those that felt that organic had no purpose and that there was
not a point to it, while the other half felt that it was a safer, healthier, and cleaner choice
with no pesticides. In addition to organic labeling, they were asked about any other labels
that they have seen before, they listed all natural, gluten free, and GMO. An important
note is that although they have seen GMO labeling before, they are able to identify it as
genetically modified, but don’t really know what it means. The majority responded that it
means “created in a lab and not natural” and associated it to corn being a GMO.
Question Cluster #2: Consumer knowledge on food safety

Food Safety Consideration — Participants believed that food safety was important in

protecting people from illness or death. Food safety issues were seen as the need to avoid
cross contamination, being backed by the FDA, and following proper procedures when
preparing food for consumption. They believed that everyone could be at risk for a
foodborne illness equally and race, gender or other demographic qualities had no impact
on that. They also acknowledged that they believed that certain market types or specific
stores were better or worse in terms of controlling food safety issues, but many were
unsure of any mandatory guideline or general rules pertaining to food safety.

Food Recalls — Media played a role as the participants main source of information on
food safety recalls with some confirming on government websites. Although they are
receiving the information many feel that there is not enough information being presented

to them unless it is a large-scale recall and that information comes what they feel like is
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“too little too late”, that someone has to get sick or die before they ever hear about it in
the news.

Major Food Recalls in the News — Many of the participants believe that these major food

recalls are increasing due to producers cutting corners and higher demands leading to
fewer resources for producers, as well as putting less care for faster output. Participants
were presented with two recalls, romaine lettuce and tomatoes. When it came to romaine
lettuce, they stopped purchasing it and switched to a different kind of leafy green such as
kale or spinach. As far as the tomato purchases, they would stop purchasing tomatoes
until the recall ended or would find tomatoes coming from a different area or company.
Following those incidences, they indicated that they would not purchase these products
until 2-3 months after the incident. It is important to note that for these participants,
origin of the product was only considered if there was a food recall, if not they did not
pay any attention to the origin of the product.

Recall Reduction and Consumer Information- Participants believed that if guidelines and

rules are being followed then it should reduce the number of recalls that occur, but they
believe that these incidences could also be reduced by buying more food locally or
shopping at farmers markets, as well as implementing more checks at every level of the
supply chain and making major companies pay for quality control. They also gave
suggestions on how consumers could be better informed, such as unanimous, non-
conflicting information or a type of system like “Amber Alert” that would notify

everyone in a timely manner with appropriate information.
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Question Cluster #3: Terms in Food Safety

Food Safety — As for food safety, all three groups knew what it meant and mentioned that
it means to keep food in a safe place, at a certain temperature, and preventing cross
contamination.

Food Security — Many of the participants in the focus group were confused on this term
and how it differentiates from food safety.

Foodborne illness —Participants reported they know what a foodborne illness is, but they

had varying definitions of what it meant. They indicated that it is an illness that can be
caused by improper storage and preparation of foods, E.coli, salmonella, and Blue Bell
Listeria came up as a major illness that has occurred.

HACCP — None of the participants in the three focus groups had heard about this term.
FSMA — Majority of the participants in the three focus groups had not heard about this
term, there were a select few in a couple of the focus groups that indicated that they had
heard it mentioned before.

Blockchain — Many of the participants had not heard of this term as it relates to food
safety.

GAP — There was some confusion with the term and confusing it with an accounting
term, but overall participants had not heard about this term.

Question Cluster #4: Picture analysis

The following pictures shown in Table 2 and Table 3 were shown to participants in the
focus groups during this section of questioning. The participants were asked various
questions such as “Can you identify this label?” or “When you look at these pictures,

what do you see or notice?”.
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Table 2. Pictures of labels shown to focus group participants

Pictures of Labels
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Table 3. Pictures of food item pictures shown to focus group participants

Pictures of Food Items

It appears that each focus group had different opinions and ideas of what certain labels
mean or they may not know what the labels mean. Around packaging and displaying, it
appears that each focus group is very particular about what they do and do not like and that
these factors will influence if the participants of the groups will buy the product. It appears
that members from across all groups had strong opinions about how they perceive a label
or a picture. It was interesting to note that much of what was discussed was how the meats

were presented and looked and only one person ever mentioned nutritional value and other
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qualities like the salmon picture with person wearing glove. It appears that the majority of
the participants in the three groups will buy fish or meat if it looks good, is packaged well
or displayed nicely without any doubts about cross-contamination. As for labels, very few
if any were familiar with some of the labels, so we might conclude that the labels might go
ignored if they do not know what it means or may continue to hold on to false beliefs about
what the labels mean. Overall, it may appear that more education needs to be done over
labels or have an explanation on the labels themselves of what they are. More education
may be needed on what to look for when examining a product and what questions to ask
yourself or look for when it comes to food safety and then reflect on tough decisions like

safety over price for example.

5.3 Consumer Survey Results: Seafood Products

After the focus groups were held in the three major cities, four separate consumer surveys
were developed and then distributed online. The data that was collected during those four
surveys was analyzed and the results are shown below. The survey presented consumers
with four different sections, socio-demographics, purchasing preferences, food safety
knowledge, and willingness to pay using CV. The surveys are listed in order starting with

seafood and following with cheese, meat, and produce products.
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5.3.1 Consumer Survey Socio-Demographics

Socio-Demographics of Seafood Participant Sample (n=265)

Descriptive statistics were used to examine the following socio-demographic
characteristics: gender, age, education, race, and income can be seen in Table 4. The
sample was almost equal between males and females, but females were still more
prevalent at 50.2% and males at 48.7%. The two age groups, 35-50 and 50 and above
were both equal at 35.1%, and for ages 18-35, 29.8%. Those with a bachelor’s degree
accounted for 30.6% of the respondents, had a high school degree or less (24.9%). Those
with doctoral degrees were the smallest percent at 6%. The two most reported races for
this survey group were Hispanic/Latino and White, with 45.3% and 42.3%, respectively.
The income reported by respondents was similar across all three groups, with $50,000-

$100,000 (35.1%), $50,000 or less (34%), and $100,000 and above (30.9%).
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Table 4. Socio-Demographic profile of sample: Seafood consumers (n=265)

Number of  Percent of
Characteristic Respondents Respondents
Gender
Female 133 50.2%
Male 129 48.7%
Other 1 0.4%
Prefer not to disclose 2 0.8%
Age
18-35 79 29.8%
35-50 93 35.1%
50 and above 93 35.1%
Education
High school graduate 66 24.9%
Associate Degree / Trade Certificate 42 15.8%
Bachelor's Degree 81 30.6%
Master's Degree 60 22.6%
Doctoral Degree 16 6.0%
Race
White 112 42.3%
African American 17 6.4%
American Indian or Alaska Native 7 2.7%
Asian 3 1.1%
Native Hawaiian or Pacific Islander 3 1.1%
Hispanic / Latino 120 45.3%
Other 3 1.1%
Income
$50,000 or less 90 34.0%
$50,000 - $100,000 23 35.1%
$100,000 and above 82 30.9%
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Secondary Socio-Demographic Questions

In addition to the primary demographic questions, other factors such as primary shopper
in the household, born in the state of Texas, food handling training, foodborne illness
sufferer, and purchasing frequency were asked and are listed in Table 5 to determine the
overall scope of the respondents and potentially how this could impact the data results.
For this survey group, the majority of respondents were the primary shopper in their
household and purchase grocery products at least once a week. They were also mainly
born and raised in Texas, and don’t belong to environmental groups. They have not
suffered from a foodborne illness and there is a split between those that have food

handling training and those that do not.
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Table 5. Additional socio-demographic information from seafood consumer survey

Number of Percent of

Characteristic Respondents  Respondents
Primary Shopper

Yes 249 94.0%
No 16 6.0%

Originally from Texas
Yes 207 78.1%
No >8 21.9%

Formal/Informal Food Handling Training
Yes 131 49.4%
No 134 50.6%

Environmental Organization
Yes 88 33.2%
No 177 66.8%

Suffered from Foodborne Illness
Yes 105 39.6%
No 160 60.4%

Seafood Purchasing Frequency

Once a week 111 41.9%
Every two weeks 82 30.9%
Once a month 72 27.2%

5.3.2 Consumer Purchasing Preferences

Seafood Product Type and Qualities

The survey presented different types of seafood products that might be purchased by the
consumer in the market. The product types are listed and percentages of the respondents
that consume or do not consume the products that are listed in Table 6. The top five most

consumed products in order from greatest to least consumption was, Shrimp (80.4%),
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Salmon (75.8%), Tuna (71.7%), Tilapia (66.4%), with Catfish (58.9%) and Crab (58.9%)
being tied for fifth place. While the top three least consumed products are Red Snapper
(58.5%), Clams, Mussels, and Oysters (57.7%), and Crawfish (55.5%). Respondents were
then asked to select the qualities that they look for when purchasing these seafood items
and were able to select multiple qualities which can be seen in Table 7. For all twelve
seafood products listed the most important quality for each respondent was their income.
Their income was an important quality in whether or not they would purchase the

particular item.

Table 6. Consumer seafood purchases

Product Type Yes No
Salmon 75.8% 24.2%
Catfish 58.9% 41.1%
Shrimp 80.4% 19.6%
Tilapia 66.4% 33.6%
Cod 33.6% 50.2%
Scallops 44.9% 55.1%
Crab 58.9% 41.1%
Lobster 52.1% 47.9%
Tuna 71.7% 28.3%
Red Snapper 41.5% 58.5%
Clams/Mussels/Oysters 42.3% 57.7%
Crawfish 44.5% 55.5%
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Table 7. Consumer preferred seafood purchasing qualities

Country Farmed
Availability  of Nutritional Product or Wild
Appearance _ of Recipes Origin Income  Content Style Seasonality  caught

Salmon 15.3% 84% 11.2% 18.3% 16.2% 8.9% 9.9% 11.8%
Catfish 14.4% 87% 13.1% 17.6% 16.6% 8.5% 10.8% 10.3%
Shrimp 16.8% 88% 13.2% 18.6% 13.8% 9.8% 9.9%  9.1%
Tilapia 14.5% 9.1% 143% 19.3% 13.8% 9.9% 10.5% 8.5%
Cod 15.2% 92% 13.2% 20.0% 14.3% 9.2% 10.7% 8.3%
Scallops 15.6% 93% 133% 17.8% 15.0% 9.6% 10.6% 8.8%
Crab 14.9% 7.7%  13.7% 20.3% 14.6% 9.4% 94%  9.9%
Lobster 14.6% 8.6% 12.7% 19.9% 15.8% 8.1% 10.9%  9.5%
Tuna 13.7% 83% 143% 19.2% 14.7% 10.9% 10.0% 8.9%
Red
Snapper 15.4% 89% 12.6% 21.0% 14.1%  8.9% 10.5%  8.5%
Clams,
Mussels,
and
Oyster 14.8% 87% 14.2% 20.2% 13.8% 8.9% 9.8%  9.6%
Crawfish 14.2% 83% 14.0% 20.3% 14.2% 9.5% 11.7%  7.8%

Seafood Purchasing Preferences

The respondents of the survey were asked two separate questions on their purchasing
preferences as it relates to seafood products. The goal of the two questions was to
understand if fresh and frozen and seafood items from the Gulf of Mexico played a role
in their purchasing decisions. For the preference of fresh or frozen listed in Table 8, many
of the respondents indicated that they prefer seafood that is fresh (74.3%) so this give us
evidence to suggest that there is a major preference in fresh over frozen seafood. Also,
the respondents indicated that they prefer seafood that was caught in the Gulf of Mexico
(78.1%) as seen in Figure 2 and that it would play a role in their purchasing, this also
might be more relevant considering that this was a Texas based study and the possibility
that a certain percent of the respondents are from coastal areas where fresh caught

seafood from the Gulf of Mexico is readily available to them.
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Table 8. Consumer seafood preferences

Percent of

Preference
Respondents
Fresh 74.3%
Frozen 25.7%

Prefrence of Seafood From Gulf of Mexico

= Yes =No

Figure 2. Consumer preference of seafood caught in the Gulf of Mexico

Preferred Market Type

Respondents were asked to select the market types that they typically visit when
purchasing food items listed in Table 9. The majority of the respondents shop at
supermarkets (49.9%) which for this survey included stores such as HEB, Wal-Mart,
Krogers, etc. The other markets that respondents frequented were wholesale markets
(23.6%), such as Sams, Costco, etc., farmers markets (13.8%), and specialty markets

(12.8%), such as Sprouts, Whole Foods, etc.
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Table 9. Consumer preferred market type

Market Type Percent of Respondents
Supermarket 49.9%
Wholesale Market 23.6%
Farmers Market 13.8%
Specialty Market 12.8%

Preferred Product Labeling

Respondents were given six different labels that might be found on seafood products in
the marketplace shown in Figure 3. Then they were asked to give their level of
importance in looking for that label in their seafood purchasing decisions. Some
important information to highlight is that three of these labels “non-gmo” (44.2%),
“Sustainable” (43%), and “Antibiotic Free” (41.1%), were listed as “extremely
important” in their purchasing of seafood products. Overall, when looking at the figure,
many respondents found all six labels to be of importance in their seafood purchasing
decisions, since there were small percentages of respondents that indicated that these

labels were “slightly important” or “not at all important”.
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Importance of Labels
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Figure 3. Importance of labels in consumer seafood purchases

5.3.3 Consumer Knowledge on Food Safety

Seafood Food Safety Concerns

The survey respondents were given two different questions on food safety concerns when
purchasing produce products. The first was to determine if there were any concerns when
purchasing produce, which 49.9% of respondents did have as seen in Figure 4. If the
respondents indicated that they did have concerns they were asked what type of concern
they had. More than half of those respondents as shown in Table 10 indicated that

foodborne pathogens (50.8%) were their main type of concern.
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Food Safety Concern

= Yes

= No

Figure 4. Consumer food safety concerns

Table 10. Consumer type of seafood safety concern

Type of Concern Percent of
Respondents
Foodborne Pathogens 50.8%
Contaminated Products 44.6%
Other 4.6%
Food Safety Standards

The respondents were presented with a Likert scale that gave them a set of four
statements that they could agree or disagree on when it comes to food safety standards.
The statements were as follows:

Farm Standards — Do you believe that small farms and large farms should be held to the

same standards?

Protection of Consumers — Do you believe that enough is being done to protect

consumers from foodborne illnesses?

46



Store Standards — Do you believe that farmers markets and supermarkets are held to the

same standards in selling cheese products?

Recall Confidence — Do you have more confidence in stores that engage in voluntary
recalls of cheese products when a safety issue is encountered?

When looking at Figure 5, there are clear divisions in those respondents that either agreed
or disagreed with the following statements that were presented to them. This means that
as far as farm standards, there were those that agreed that small farms and large farms

should be held to the same standards but there were more that disagreed and are saying

that these farms shouldn’t be held to the same standards.

Statements on Safety Standards

60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

Strongly
disagree

Food Recalls
Market Standards

Consumer Protection
Somewhat

. Farm Standards
disagree Neither

agree nor Somewhat

disagree agree Strongly

agree
m Farm Standards ~ ® Consumer Protection  m Market Standards

Food Recalls

Figure 5. Consumer feelings on food safety standards

Food Safety Regulations

The respondents were also presented with another Likert scale with a set of nine

statement on food safety regulations and for them to agree or disagree with the statements
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based on their own beliefs around food safety. The statements that were asked to
respondents can be seen in Figure 6.

When looking at Figure 6, it is easy to see where respondents fall on these food safety
regulation statements, for example, on statements that asked about food safety issues at
home and many of the respondents agreed that there are food safety hazards occurring
within the home. There was also disagreement as it pertained to FDA accurately catching
threats to the food system, and that there should be regulation of small farms and farmers

markets.
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Perceptions on Current Food Safety Standards

m Strongly agree m Somewhat agree m Neither agree nor disagree

m Somewhat disagree m Strongly disagree

5.3%

Food safety issues can happen due to the

mishandling of food products at home 2.3%

Majority of food safety issues happen because of the
improper handling of the products at home

The Food and Drug Administration (FDA)
accurately and always catches threats to the food
system

The US should do more to help improve other
countries food infrastructure

There is technology that exists to track where food is
coming from to protect consumers

Hazard Analysis and Critical Control Point
(HACCEP) risk-based food safety plans are not
necessary in controlling food safety

In comparison to other countries the US has better
food safety rules/laws

Foreign food coming into the country is well
regulated

Small farms and farmers markets should not be
regulated

Figure 6. Consumer perception on current food safety standards
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Food Safety Responsibility Issues

Respondents were asked to select who they believed should be responsible for food
safety issues when they occur. Majority of the respondents shown in Figure 7 believed
that Farmers / Producers (44%) should be responsible for food safety issues. While the
three other groups, Consumers (18%), Government (19%), and Large
Corporations/Industry (19%) were all close to being tied. This might mean that although
it mainly falls on the Farmers/Producer that looking into the three other groups more in

depth could give some insight to why the respondents answered the way they did.

Food Safety Responsibility Issues

= Consumers
= Farmers/Producers
= Government

Large Corporations/Industry

Figure 7. Consumer perceptions on responsibility in food safety issues

Recognition of Labels

The respondents were asked to look at different labels and select the labels that they have
seen before. The most recognized label shown in Table 11 was the be food safe logo with

25.0% and the least recognized was FSMA with 5.5%.
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Table 11. Consumer recognition of labels in the market

Picture Shown Percent of
Respondents
25.0%
& X
g 10.9%
5.5%
CERTIFIED
SUSTAINABLE
SEAFOOD
WWW.msc.org 23.4%
FARMED
asc
CERTIFIED
ASC-AQUA.ORG
20.3%
©
MONTEREY BAY AQUARIUM
w T H 14.8%
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Supply Chain and Regulatory Entity Knowledge

Respondents were given a Likert scale with four statement on the parts of the supply
chain, handling through the supply chain, and the role of the FDA and FSIS in food
safety. This question was an inquiry of the current knowledge that respondents already
have when making their purchasing decisions. The four questions are as follows:

Parts of Supply Chain — Do you know the different parts of the food supply chain?

Supply Chain Safety — Do you feel that cheese is handled safely throughout the food

supply chain?

FDA Role — Do you know what role the Food and Drug Administration (FDA) plays in
food safety?

ESIS Role — Do you know what role the Food Safety and Inspection Service (FSIS) plays
in food safety?

Shown in Figure 8, there is a large percentage of respondents who have somewhat of an
idea of the role of FDA and FSIS and their roles as it pertains to food safety and the way

that seafood products are handled throughout the supply chain.
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Supply Chain and Government Knowledge

FSIS Role

FDA Role

Supply Chain Safety

Parts of Supply Chain

0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 120.0%

mYes mSomewhat mNo

Figure 8. Consumer knowledge on supply chain and government role in food safety

Food Recalls

Two separate questions were asked of respondents on food recalls in the event of a food
safety issue. The first to understand if consumers are getting the necessary information
that they need to make informed purchasing decisions, and second where that flow of
information comes from. Over half of the respondents (61.5%), show in Figure 9
indicated that they are receiving recall information as it comes out but there are still
38.5% of the respondents who are not. Of the respondents who are receiving recall

information in Table 12, most of the information is coming from media outlets (34.8%).
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Receiving Recall Information

= Yes
= No
Figure 9. Consumer acknowledgement of receiving recall information
Table 12. Survey participants source of recall information
Source of Information Percent of Respondents
Media 34.8%
Government Website 26.4%
Grocery Store Posting 22.0%
Word of Mouth 7.0%
Social Media 7.3%
Celebrities 2.2%
Unsure/Don't Know 0.4%

Government and Industry Intervention

Respondents were given a Likert scale in which they were given four statements and
asked to indicate their knowledge on current food safety regulation in the United States.
The statements were as follows:

HACCP Knowledge — How knowledgeable about HACCP are you?
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Blockchain Knowledge — How knowledgeable about blockchain technology are you?

Government Intervention — How knowledgeable are you on government intervention on

food safety?

Industry Intervention — How knowledgeable are you on industry intervention on food

safety?

While there were many respondents that were not knowledgeable as seen in Figure 10
about all four of the interventions, there were those that were very knowledgeable on
blockchain, and government and industry interventions. Also, most were extremely

knowledgeable which was to be expected since HACCP has been around for some time.

Consumer Knowledge on Government and Industry
Intervention

Not Knowledgeable
Extremely knowledgable
Very Knowledgeable
Moderatley knowledgeable

Slightly Knowledgeable

i

0.00%  5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00%
Industry Intervention ® Government Intervention

m Blockchain Knowledge mHACCP Knowledge

Figure 10. Consumer knowledge on government and industry intervention in food safety
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5.3.4 Consumer Willingness to Pay

In this section of the survey, respondents were given a series of scenarios for purchasing
fresh farm raised catfish. These questions range from baseline information, a series of
negative treatments, as well as positive treatments. The first goal was to obtain a baseline
of price that the respondents would spend on the fresh farm raised catfish presented
before imposing a treatment. The overall objective and mindset of this section is as
follows:

Objective: “The following questions will have different scenarios about a specific
seafood product that you might be purchasing in the marketplace. Please answer these
questions as if you were the shopper based on the decisions that you would make while
shopping.”

There were two questions for baseline price, the first was the respondent’s willingness to
pay for fresh farm raised catfish and the second was the respondent’s willingness to pay
for frozen farm raised catfish. Figure 11 shows both of the products and how much
respondents were willing to pay for these catfish products. The willingness to pay for
fresh farm raised catfish was $6.00, and the willingness to pay for frozen farm raised

catfish was $5.50.
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Consumer Catfish Purchase Price
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Figure 11. Consumer purchase price for catfish products

After gathering the baseline data, the first negative treatment scenario was imposed:
Scenario: “Assume a news media outlet this is reporting on ABC Seafood company that
is recalling more than 30 tons of catfish because the products were produced, packed, and
distributed without federal inspection. The recall involves 60-pound cardboard boxes
containing “Fresh Farm Raised Catfish USA” from ABC Seafood company. There have
been no adverse reactions to consuming these products that has been confirmed. Answer
the following questions based on this assumption.”

The respondents were asked to give their willingness to pay for the fresh farm raised
catfish after the recall has occurred and been covered in the media in Figure 12. The
highest willingness to pay was $6.00 after the recall has been covered in the media. There
is no change in their baseline WTP. The second highest WTP was $$7.00, which would

be a $1.00 increase from the original baseline. As a follow up to the negative scenario, a
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follow up question was presented to the respondents shown in Figure 12. They were
asked if they would purchase catfish from ABC Seafood company. 66% agreed that yes,

they would be purchasing from ABC Seafood Company.

Purchase from ABC Seafood Company

= No
= Yes

Figure 12. Consumer willingness to purchase from catfish recall company

The second negative treatment scenario was then imposed:

Scenario: “Assume USDA FSIS has announced the recall of fresh farm raised catfish
items from ABC Seafood Company because the products were produced, packed, and
distributed without the benefit of inspection. The recall involves 60-1b brown cardboard
boxes containing “Fresh Farm Raised Catfish USA”. Answer the following questions
based on this assumption.”

After the USDA FSIS identifies the products there is still no change in the respondents
WTP of $6.00, but when looking at Figure 14, there was an increase in the number of
respondents that would only pay $6.00.

The respondents are finally given the positive scenario:
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Scenario: “Assume it has been three months since the recall was issued by USDA FSIS.
Answer the following questions based on this assumption.”

Respondents indicated that after three months their WTP is still at $6.00, which was their
initial baseline price. Three months after their response rate falls back to the levels of
when the first recall came out in the media. Respondents were again presented with a
follow up question shown in Figure 13, about their purchases three months after the
recall. While 60.8% of the respondents said that they would purchase fresh farm raised
catfish after those three months, there were still 39.2% of the respondents who said that

they would not.

Purchase of Catfish Products

= No

= Yes

Figure 13. Consumers’ willingness to purchase catfish products after a recall
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Treatment Effect on Price
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Figure 14. Catfish treatment effects on consumers’ willingness to pay

The final two scenarios that the respondents were given, were positive treatments of
current HACCP management practices that already exist to reduce the amount of food
safety issues as well as blockchain technology that improves communication along the
supply chain with data backed information. The two scenarios are examples of
government intervention in food safety and industry intervention and seeing if one has a
higher WTP than the other. The two scenarios are as follows:

Scenario: “Hazard Analysis and Critical Control Points, is a management system in
which food safety is addressed through the analysis and control of biological, chemical,
and physical hazards from raw material production, procurement and handling, to
manufacturing, distribution and consumption of the finished product. Answer the

following questions keeping this statement in mind.”
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Scenario: “Blockchain technology is an industry development that works across the
supply chain, including growers, processors, shippers, retailers, regulators, and
consumers. This allows for the immediate access to food supply chain data from farm to
store and consumer. With capabilities for safer food, longer shelf lives, reduced waste,
faster traceability, and better access to shared information. Answer the following
questions keeping this statement in mind.”

The majority of the respondents as shown in Figure 15 gave a WTP of $6.50 for both
HACCP (37%) and blockchain (30.6%), but when looking at Figure 15, the next WTP by
respondents was $7.00 for both HACCP (23%) and blockchain (27.2%). There might be
evidence to suggest that there are a select number of respondents who would be willing to

pay a $0.50 increase for HACCP and blockchain that would help to reduce food safety

incidences.
HACCP and Blockchain Effect
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Figure 15. Consumers’ willingness to pay for HACCP and Blockchain
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Treatment Effects on Price
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Figure 16. Treatment effect on willingness to pay for catfish

Analysis on Seafood Price

In the Tukey test, the difference in mean prices between seven different points of price
were analyzed and differences in those mean prices are listed in Table 13. The results
show that the participants had more confidence in blockchain three months after the
recall and would pay $.50 more for blockchain safety. The same goes for HACCP and
more confidence in these positive treatments and paying more for it three months after a
food recall. Consumers have a higher confidence in the two positive treatments of
HACCP and blockchain and would be willing to pay more than their initial base price for
catfish. As far as recalls, consumers did not have confidence in government recalls or
media recalls, and they still will pay more at their base price and for blockchain and

HACCEP intervention.
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Table 13. Tukey test difference in mean prices for seafood

Difference in Mean

Prices
Treatments Seafood
Base Price X Three Months after Recall 0.0075
Blockchain X Three Months after Recall 0.5000%**
Frozen/Specialty/Organic Ground Beef/Organic Romain
Lettuce X Three Months after Recall -0.4717%**
Government Recall X Three Months after Recall -0.0660
HACCP X Three Months after Recall 0.4396%**
Media Recall X Three Months after Recall 0.0132
Blockchain X Base Price 0.4925%**
Frozen/Specialty/Organic Ground Beef/Organic Romain
Lettuce X Base Price -0.4792%**
Government Recall X Base Price -0.0736
HACCP X Base Price 0.43271***
Media Recall X Base Price 0.0057
Frozen/Specialty/Organic Ground Beef/Organic Romain
Lettuce X Blockchain -0.9717%**
Government Recall X Blockchain -0.5660***
HACCP X Blockchain -0.0604
Media Recall X Blockchain -0.4868***
Government Recall X Frozen/Specialty/Organic Ground
Beef/Organic Romain Lettuce 0.4057***
HACCP X Frozen/Specialty/Organic Ground
Beef/Organic Romain Lettuce 0.9113%**
Media Recall X Frozen/Specialty/Organic Ground
Beef/Organic Romain Lettuce 0.4849%**
HACCP X Government Recall 0.5057***
Media Recall X Government Recall 0.0792
Media Recall X HACCP -0.4264%**

Note: *** indicates a significant difference in mean for seafood
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5.4 Consumer Survey Results: Cheese Products
5.4.1 Consumer Survey Socio-Demographics

Socio-Demographics of Cheese Survey Participants (#=276)

Descriptive statistics were used to examine the following socio-demographic
characteristics: gender, age, education, race, and income shown in Table 14. Half of the
respondents were female (50.4%) and a little under half were male (49.3%). All three age
categories were similar in the number of respondents, with 35-50 (33.8%), 50 and above
(33.5%), and 18-35 (32.7%). The most identified group were those with bachelor’s
degrees (34.2%), and both high school graduate or less (21.6%) and associate degree or
trade certificate (21.2%) were the two that were the second most identified. The majority
of the respondents fell within two categories, Hispanic/Latino (40.6%) and White
(40.3%). Those respondents that made $50,000 or less (34.2%) had the most respondents
but was similar to those that indicated that they made $50,000-$100,000 and $100,000

and above.
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Table 14. Socio-Demographic Profile of Sample: Cheese Consumers (n=278)

Characteristic Number of  Percent of
Respondents Respondents

Gender

Female 140 50.4%
Male 137 49.3%
Other 1 0.4%
Prefer not to disclose 0 0.0%
Age

18-35 91 32.7%
35-50 94 33.8%
50 and above 93 33.5%
Education

High school graduate 60 21.6%
Associate Degree / Trade Certificate 59 21.2%
Bachelor's Degree 95 34.2%
Master's Degree 55 19.8%
Doctoral Degree 9 3.2%
Race

White 112 40.3%
African American 35 12.6%
American Indian or Alaska Native 4 1.4%
Asian 11 4.0%
Native Hawaiian or Pacific Islander 1 0.4%
Hispanic / Latino 113 40.6%
Other 2 0.7%
Income

$50,000 or less 95 34.2%
$50,000 - $100,000 94 33.8%
$100,000 and above 89 32.0%
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Secondary Demographics

In addition to the primary demographic questions, other factors such as primary shopper
in the household, born in the state of Texas, food handling training, foodborne illness
sufferer, and purchasing frequency to determine the overall scope of the respondent and
potentially how this could impact the data results shown in Table 15. For this survey
group, the majority of respondents were the primary shopper in their household and
purchase grocery products at least once a week. They were also mainly born and raised in
Texas, and do not belong to environmental groups. They haven’t suffered from a
foodborne illness and there is a split between those that have food handling training and

those that do not.

66



Table 15. Additional socio-demographic information from cheese consumer survey

Characteristic Number of Percent of
Respondents Respondents

Primary Shopper
Yes 255 91.7%
No 72 8.3%

Originally from Texas
Yes 206 74.1%
No 155 25.9%

Formal/Informal Food Handling

Training
Yes 123 44.2%
No 155 55.8%

Environmental Organization
Yes 78 28.1%
No 200 71.9%

Suffered from Foodborne Illness
Yes 102 36.7%
No 176 63.3%

Cheese Purchasing Frequency

Once a week 128 46.0%
Every two weeks 100 36.0%
Once a month 50 18.0%

5.4.2 Consumer Purchasing Preferences

Cheese Product Type and Qualities

For cheese products there were three different product types that the survey respondents
were asked to consider, which was packaged cheese, deli cheese, and specialty cheese
shown in Table 16. For reference, packaged cheese was any cheese that could be found in

the cheese section of a store, deli cheese was any cheese that was found behind a counter,
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and specialty cheeses were those such as brie, manchego, gouda, and others that are
typically sold by the block. Packaged cheese (92.4%) was the most purchased type of
cheese with only 7.6% of respondents indicating that they did not buy packaged cheese.
After packaged cheese the purchasing of deli cheese and specialty cheese were the

second and third most purchased.

Table 16. Consumer cheese purchases

Which of the following do you buy? Yes No
Packaged Cheese 92.4% 7.6%

Deli Cheese 68.0% 32.0%

Specialty Cheese 64.4% 35.6%

Table 17. Consumer cheese quality preferences

Packaged Cheese Deli Cheese Sglelceiéasléy
Appearance 18.5% 16.9% 18.7%
Country of Origin 10.8% 10.7% 12.5%
Income 19.2% 19.1% 18.4%
Nutritional Content 17.0% 18.6% 15.5%
Product Type 20.3% 19.2% 19.5%
Safety 14.2% 15.6% 15.3%

Cheese Purchasing Preferences

The respondents of the survey were asked two separate questions on their purchasing
preferences as it relates to cheese products. The goal of the two questions was to
understand if organic cheese or name brand cheese over gen